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(§2) Light receiving member with an amorphous silicon photoconductive layer containing fluorine atoms 
in an amount of 1 to 95 atomic ppm. 

(57) A light receiving member having a light receiving layer comprising a photoconductive layer and a 
surface layer disposed on a conductive substrate, wherein the photoconductive layer comprises, from 
the side of the substrate, a first photoconductive layer constituted by an amorphous material containing 
silicon atoms as a matrix, carbon atoms, hydrogen atoms and fluorine atoms, and a second 
photoconductive layer constituted by an amorphous material containing silicon atoms as a matrix, and 
at least one kind of atoms selected from hydrogen atoms and fluorine atoms, wherein the content of 
said fluorine atoms in the first photoconductive layer is from 1 to 95 atomic ppm based on the content of 
said silicon atoms. 
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FIELD OF THE INVENTION 

The present invention concerns a light receiving member sensitive to electromagnetic waves such as light 
(light in a broad meaning such as UV-rays, visible rays, infrared rays, X-rays and y rays). More particularly, it 
relates to a light receiving member having a two-layered photoconductive layer with an amorphous silicon layer 
containing fluorine atorhs in an amount of 1 to 95 atomic ppm versus the amount of silicon atoms, which is usable 
especially in electrophography. 

BACKGROUND OF THE INVENTION 

For photoconductive materials to constitute a light receving layer of a light receiving member for use in an 
image-forming field, it is required that they have high sensitivity, high S/N ratio (photocurrent (IP)/dark current 
(ID)), absorption spectrum characteristics suited to electromagnetic waves to be irradiated, rapid responsivity 
to light and desired dark resistance, as well as they are not harmful to human bodies. In particular, for light 
receiving members to be employed in electrophotographic apparatus which are used as business machines a 
the office, it is important that they cause no public pollution during use. 

From these stand points, the public attention has been focused recently on photoconductive materials com- 
prising amorphous silicon (hereinafter referred to "a-Si"), for example, as described in Offenlegungsschrifts No. 
2746767 an 2855718, which disclose the use of them in electrophotographic light receiving members. 

Fig.2 is a cross sectional view schematically illustrating the layer constitution of a known 
electrophotographic light receiving member 20O, in which are shown a conductive substrate 201 and light 
receiving layer 202 comprising a-Si. The electrophotographic light receiving member is generally prepared by 
forming a photosensitive layer 202 comprising a-Si on a conductive substrate 201 by means of a film-forming 
method such as vapor deposition, sputtering, ion plating, terminal CVD. optical CVD or plasma CVD process 
while maintaining the conductive substrate at a temperature of 50°C to 400°C. Among these film-forming 
methods for the formation of the photoconductive layer, the plasma CVD process, that is. a method of decom- 
posing a raw material gas in glow discharge by direct current, radio frequency or microwave energy and forming 
an a-Si deposited layer on the conductive substrate has been put to practical use as a preferred method 

In Offenlegungsschrift No. 3046500. an electrophotographic light receiving member comprising a conduc- 
uve substrate and a photoconductive layer comprising a-Si containing halogen atoms as a constituent element 
(hereinafter referred to as "a-Si.X") being disposed on said conductive substrate has been proposed. In this 
publication, it is stated that dangling bonds are compensated by incorporating 1 to 40 atomic % of halogen 
atoms into a-Si, to reduce the localized level density in the energy gap and obtain electrical and optical charac- 
tenstics suitable as the photoconductive layer for the electrophotographic light receiving layer. 

On the other hand, it has been known for amorphous silicon carbides (hereinafter referred to as "a-SiC") 
that they have higher heat resistance and surface hardness, and higher dark resistivity as compared with a-Si 
and the optcal band gap of them can be varied within a range from 0.6 to 0.8 depending on the carbon content 
An electrophotographic light receiving member in which the photoconductive layer is constituted with such a- 
S.C is proposed in US Patent No. 4,471 .042. This patent literature discloses that electrophotographic charac- 
tenst.cs including high dark resistance and satisfactory light sensitivity are provided when the photoconductive 
layer of an electrophotographic light receiving member is constitued by an a-Si material containing from 0.1 to 
30 atomic % of carbon as a chemical modifying substance. 

Further, Japanese Patent Publication 63(1988)-35026 proposes an electrophotographic photosensitive 
member comprising, an a conductive substrate, an intermediate layer comprising an a-Si material containing 
carbon atoms, hydrogen atoms and/or fluorine atoms as the constituent elements ( this a-Si material will be 
hereinafter referred to as "a-SiC:(H.F)" ) and an a-Si photoconductive layer. This electrophotographic photo- 
sensitive member .s intended to reduce occurrence of crak or/and removal of the a-Si photoconductive layer 
w,thout detenorating the photoconductive characteristics by said intermediate layer comprising an a-SiC(H F) 
material. a " x ' ' 

However, for the known electrophotographic light receiving members respectively having a photoconduc- 
bve layer constituted by such a-Si material, although a proper improvement has been made for each of elec- 
trical, optical and photoconductive characteristics such as dark resistance, light sensitivity, light responsivity 
and use-environmental characteristics, as well as aging stability and durability individually, there still exists a 
room for a further improvement in view of overall characteristics. 

In recent years, high image quality, high speed processing and high durability have been furtherdemanded 
foe electrophotographic apparatus. Particularly, there is an increased demand for further improving 
electrophotographic light receiving members with respect to electric characteristics and photoconductive 
charactenshcs. as well as greatly improve the durability while maintaining high charge retentivity and high sen- 
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sitivity in any of use-environments. 

Thats is, for instance, in the case fo preparing an electrophotographic light receiving member using an a-Si 
material, if it is intended to provide an improvement for the sensitivity and the dark resistance at the same time, 
there is often observed a residual voltage on the resultant electrophotographic light receiving member upon 

5 use thereof. In addition, when it is used repeatedly for a long period of time, there is a tendency that fatigue 
due to the repeated use is accumulated to cause a so-called "ghost" phenomenon. 

Further, in th§ case of forming the photoconductive layer using an a-Si material, hydrogen atoms (H), halo- 
gen atoms (X) such as fluorine atoms (F) or chlorine atoms (CI) for improving electric and photoconductive 
characteristics, boron atoms (B) or phosphorus atoms (P) for contra of electric conduction type or other kind 

10 of atoms for improving other characteristics are incorporated respectively as the constituent atoms into the 
photoconductive layer. However, the resulting layer has sometimes become accompanied with defects on the 
electric or photoconductive characteristics or uniformity of them depending on the way of incorporating such 
constituent atoms. That is, the photoconductive layer has uneven portions in view of the charge transportation 
capacity, such uneven portions entail unevenness in the density of an image obtained, which appears particu- 

15 larly remarkably in a half-tone image. In view of this, there is a demand for the film constituting the photocon- 
ductive layer to be highly uniform not only in view of the tissue structure but also in view of the electrical and 
optical properties. 

Further, as a result of improvements made recently, for instance, in optical exposure system, developing 
mechanism and transfer mechanism in electrophotographic apparatus in order to improve the image-forming 

20 efficiency of the electrophotographic apparatus, there is a demand for improving the electrophotographic light 
receiving member to be desirably suited for use in such electrophotographic apparatus. In particular, as a result 
of the improvement in resolution of an image, it has now been demanded for reduction in so-called "coarse- 
ness", i.e., unevenness of the image density in a minute region, and also reduction in so-called "minute blank 
area", i.e., image defect in the form of a minute black or white dot, in particular, reduction the minute blank area 

25 which was used to be substantially not problematic in the past. Further, in the case of forming images continu- 
ously, a phenomenon that such minute blank area appears from the initial image may sometimes occur and 
because of this, there is a demand for reduction in appearance of the minute blank area even after repeated 
use. 

Further, in recent years, in order to reduce the production cost of an electrophotographic light receiving 
30 member, there has been made a proposal to form the photoconductive layer of an electrophotographic light 
receiving member at an increased deposition rate by a film-forming method utilizing a microwave energy, that 
is a so-called microwave plasma CVD method. However, in this case, there are sometimes found problems 
that unevenness is caused in the quality of an a-Si film deposited, or fine crack or peeling is caused for the 
a-Si film due to the stresses in the film, whereby decreasing the yield. 

35 

SUMMARY OF THE INVENTION 

The present invention is aimed at eliminating the above-mentioned disadvantages involved in the conven- 
tional light receiving member and providing an improved light receiving member particularly suitable for use in 

ao electrophotography which meets the above-mentioned demands. 

Other object of the present invention is to provide an improved light receiving member which does not cause 
minute blank area, coarseness and ghost on an image to be reproduced even after repeated use. 

As one of the reasons of causing the minute blank area on an image in the case of the conventional light 
receiving member, there can be mentioned an abnormal growth ( extent of spherical growth defect ) of a film 

45 upon forming the photoconductive layer. Thus, a further object of the present invention is to provide an improved 
light receiving member having a photoconductive layer free of such extent of spherical growth defect 

A still further object of the present invention is to provide an improved light receiving member which is free 
of extent of spherical growth defect and which does not cause minute blank area, coarseness and ghost on an 
image to be reproduced even after repeated use. 

so The light receiving member of the present invention which attains the above objects comprises a conductive 

substrate and a light receiving layer disposed on said conductive substrate, said light receiving layer comprising 
a photoconductive layer and a surface layer being disposed in this order from the side of said conductive sub- 
strate, wherein said photoconductive layer comprises, from the side of said conductive substrate, a first photo- 
conductive layer constituted by an amorphous material containing silicon atoms as a matrix, carbon atoms, 

55 hydrogen atoms, and fluorine atoms and a second photoconductive layer constituted by an amorphous material 
containing silicon atoms as a matrix, and at least one kind atoms selected from hydrogen atoms and fluorine 
atoms, and the content of the fluorine atoms in said first photoconductive layer is from 1 to 95 atomic ppm based 
on the silicon atoms. 

3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1{a) and 1(b) are schematic views respectively for illustrating the layer constitution of a typical embo- 
diment of an electrophotographic light receiving member according to the present invention; 
Fig. 2 is a schematic view for illustrating the layer constitution of an electrophotographic light receiving 
member in the prior art; 

Fig. 3 is a schematic explanatory view of a fabrication apparatus by a glow-discharge process using radio 
frequency (RF), as an example of an apparatus for forming the light receiving layer of the 
electrophotographic light receiving member according to the present invention; 

Figs. 4(a), 4(b) and Fig. 5 are schematic explanatory views respectively of a fabrication apparatus for an 
electrophotographic light receiving member by a glow discharge process using a microwave energy, as 
an example of an apparatus for forming the light receiving layer of the electrophotographic light receiving 
member according to the present invention, in which Fig. 4(a) is a side elevational cross sectional view for 
a deposited layer forming device; Fig. 4(b) is a lateral cross sectional view observed from above; and Fig. 
5 shows a raw material supply device; 

Fig. 6 is a graphic chart showing a relationship between the oxygen content in the first photoconductive 
layer and the sensitivity of the light receiving member according to the present invention; 
Fig. 7 is a graphic chart showing a relationship between the oxygen content in the first photoconductive 
layer and the potential shift; 

Fig. 8 is a graphic chart showing a relationship between the oxygen content in the first photoconductive 
layer and the change of sensitivity before and after repeated use; and 

Fig. 9 is a graphic chart showing a relationship between the oxygen content in the first photoconductive 
layer and the amount of a potential shift before and after the repeated use. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, since the photoconductive layer is configured to have a two-layered 
structure comprising a first layer constituted by an amorphous silicon carbide (hereinafter simply referred to as 
"non-SiC") and a second layer constituted by an amorphous silicon (hereinafter simply referred to as M non-Si n ) 
wherein said first and second layers are disposed in sequence from the side of the conductive substrate, import- 
ant functions of the electrophotographic light receiving member i.e., generation of photocarriers and transpor- 
tation of the generated photocarriers are shared divisionally to individual layers respectively, so that the light 
receiving member has a greater degree of freedom for the design of the layer and excellent characteristics than 
in the case where a single layer is responsible to all of such functions. Further, since the photoconductive layer 
is incorporated with carbon atoms, the dielectric constant of the light receiving layer can be reduced to decrease 
the static capacitance per layer thickness, resulting in provision of a high charge retentivity and a remarkable 
improvement in the photosensitivity, as well as a remarkable improvement in the high withstanding voltage to 
enhance the durability. In addition, since the photoconductive layer containing the carbon atoms is situated on 
the side of the conductive substrate, adhesion between the conductive substrate and the photoconductive layer 
is improved to prevent not only occurrence of film peeling and but also occurrence of minutes defects. 

Further in addition, according to the present invention, sincea a very small amount (1 to 95 atomic ppm) 
fluorine atoms (F) is contained at least in the non-SiC photoconductive layer, the dangling bonds, for example, 
of silicon atoms (Si) and carbon atoms (C) are desirably compensated and, in particular, coagulation of carbon 
atoms and/or hydrogen atoms are desirably suppressed in the case where the hydrogen atoms are incorporated 
together with the carbon atoms. Because of this, a more stable state is attained in view of the tissue structure 
and internal strains of the deposited film are desirably rectified. As a result, a marked improvement is provided, 
in particular, for the image-forming characteristics especially with respect to appearance of coarseness, minute 
blank area and ghost for an image to be reproduced. 

Now, in the case where the fluorine content is less than 1 atomic ppm based on the silicon atoms, there 
cannot be obtained an effect of making the film structure or the layer quality uniform due to the fluorine atoms. 
On the other hand, in the case where the fluorine content exceeds 95 atomic ppm based on the silicon atoms, 
the foregoing ghost phenomenon becomes liable to occur. Accordingly, it is indispensable to define the fluorine 
content in the range of from 1 to 95 atomic ppm based on the amount of the silicon atoms. The effect of the 
fluorine atoms contained in the photoconductive layer appears particularly remarkably when a layer is formed 
at an increased deposition rate by a microwave plasma CVD process. 

Descriptions will now be made specifically for the electrophotographic light receiving member according 
to the present invention by way of its specific examples in conjunction with the drawings. 

Figs. 1(a) and 1(b) are schematic views respectively for illustrating a preferred layer constitution of an 
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electrophotographic light receiving member according to the present invention. 

An electrophotographic light receiving member 1 100 shown in Fig. 1(a) comprises a conductive substrate 
1101 to be used for an electrophotographic light receiving member and a light receiving layer 1105 disposed 
on the substrate 1101. The light receiving layer 1 1 05 comprises a first photoconductive layer 1 1 02 constituted 

5 by a non-SiC:H:F, a second photoconductive layer 1103 constituted BY a non-SiC:(H,F) and a surface layer 
1104 as a protective layer being disposed in this order on the conductive substrate 1101. The light receiving 
layer 1 1 05 has a free surface 1 1 06. 

An electrophotographic light receiving member 1200 shown in Fig. 1(b) has no substantial difference, in 
view of the structure, from the electrophotographic light receiving member 11 00 shown in Fig. 1(a), except that 

10 a charge injection inhibition layer 1205 is disposed between a conductive substrate 1201 and a first photocon- 
ductive layer 1202 constituted by a non-SiC:H:F. In Fig. 1(b), numeral reference 1206 stands for a light receiving 
layer, and numeral reference 1204 stands for a surface layer. The light receiving layer 1206 has a free surface 
1207. 

In the following, explanation will be made as for the substrate and each constituent layer in the light receiv- 
15 ing member of the present invention. 

Substrate 

As the conductive substrate used in the present invention, there can be mentioned, for example, metals 
20 such as stainless steel, Al, Cr, Mo, Au, In, Nb, Te, V, Ti, Pt, Pd and Fe, as well as alloys thereof. In addition, 
an insulative substrate made of a film or a sheet of a synthetic resin such as polyester, polyethylene polycar- 
bonate, cellulose acetate polyvinyl chloride, polystyrene and polyamide, glass or ceramic which has been 
applied with conductive treatment at least to the surface thereof on which a light receiving layer is to be formed 
may be also used. 

25 The substrate may be of any configuration such as cylindrical, plate-like or belt-like shape having a smooth 

or unevened surface, which can be properly determined depending upon the application use. The thickness of 
the substrate is properly determined so that the electrophotographic light receiving member can be formed as 
desired. In the case where flexibility is required for the electrophotographic light receiving member, it can be 
made as thin as possible within a range capable of sufficiently providing the function as the substrate. However, 

30 the thickness is usually greater than 1 0 um in view of fabrication, handling and mechanical strength of the sub- 
strate. 

It is possible for the surface of the substrate to be uneven in order to eliminate occurrence of defective 
images caused by so-called interference fringe patterns being apt to appear in images formed in the case where 
image -format ion is carried out using coherent monochromatic light such as laser beams. In this case, the une- 

35 ven surface shape of the substrate can be formed by a known method as described, for example, in European 
Patent Laid-Open No. 155758, U.S. Patents Nos. 4,696,884 and 4,705,733. 

I n an alternative, the uneven surface shape of the substrate may be composed of a plurality of fine spherical 
dimples which are more effective in eliminating the occurrence of defective images caused by the interference 
fringe patterns especially in the case of using the foregoing coherent monochromic light In this case, the scale 

40 of each of the irregularities composed of a plurality of fine spherical dimples is smaller than the resolving power 
required for the electrophotographic light receiving member. The irregularities composed of a plurality of fine 
spherical dimples at the surface of the substrate can be formed by a known method, for example, as described 
in European Patent Laid-Open No. 202746. 

45 Photoconductive Layer 

The photoconductive layer of the electrophotographic light receiving member according to the present 
invention has a two-layered structure comprising a first photoconductive layer formed of a non-SiC:H:F:(0) ma- 
terial containing silicon atoms as a matrix, carbon atoms, hydrogen atoms, fluorine atoms and optionally, 

so oxygen atoms, and a second photoconductive layer formed of a non-Si:(H,F) material silicon atoms as a matrix, 
and at least one kind atoms selected from hydrogen atoms and fluorine atoms, said first photoconductive layer 
and said second photoconductive layer being disposed in this order from the side of the substrate. The photo- 
conductive layer thus constituted has desired photoconductive characteristics, in particular, charge possessing 
characteristics, charge generating characteristics and charge transporting characteristics. 

55 As for the carbon atoms to be contained in the first photoconductive layer, they may be incorporated in a 

state of being distributed uniformly in the entire layer region of the first photoconductive layer. In an alternative, 
they may be incorporated such that the first photoconductive layer has a layer region where the carbon atoms 
being distributed unevenly in the thickness direction. 

5 
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As for the amount of the carbon atoms to be contained in the first photoconductive layer, it is desired to 
be preferably in the range of from 5 x 10- 1 to 40 atomic %, more preferably, in the range of from 1 to 30 atomic 
% and, most preferably, in the range of from 1 to 20 atomic %. 

By defining the amount of the carbon atoms to be contained in the first photoconductive layer in the above . 
5 range, there are provided effects that a desirably increased dark resistance and a desirably high S/N ratio are 
obtafned, and adhesion of the film is improved. ° ° 

The hydrogen atoms and the fluorine atoms contained in the first photoconductive layer chiefly contribute 
to compensating dangling bonds of the silicon atoms. The incorporation of these atoms into the layer attains 
an effect of improving the layer quality, resulting in improving the photoconductive characteristics of the layer. 
10 As for the amount of the hydrogen atoms to be contained in the first photoconductive layer, it is desired to 

be preferably in the range of from 1 to 40 atomic %, more preferably, in the range of from 5 to 35 atomic % 
and, most preferably, in the range of from 10 to 30 atomic %. 

The fluorine atoms contained in the first photoconductive layer further contributes, in addition to compen- 
sating dangling bonds of the silicon atoms as above described, to preventing the carbon atoms and the hyd- 
15 rogen atoms from coagulating in the layer to attain an effect of improving the uniformity of the layer quality. 
Accordingly, the amount of the fluorine atoms to be contained in the first conductive layer is an important factor 
in order to make the electrophotographic light receiving member to be one that effectively attains the foregoing 
objects of the present invention. Thus, due regards should be made on the amount of the fluorine atoms to be 
contained in the first conductive layer. In a preferred embodiment, the amount of the fluorine atoms to be con- 
20 tained in the first conductive layer is properly determined in the range of from 1 to 95 atomic ppm based on the 
amount of the silicon atoms. In a more preferred embodiment, it is in the range of from 5 to 80 atomic ppm 
based on the amount of the silicon atoms. Further, in a most preferred embodiment, it is in the range of from 
10 to 70 atomic ppm. 

As above described, the second photoconductive layer may contain fluorine atoms. In this case, the amount 
25 of the fluorine atoms contained in the second photoconductive layer should made different from the amount of 
the fluorine atoms contained in the first photoconductive layer. The amount of the fluorine atoms contained in 
the second photoconductive layer is desired to be in the range of from 0. 1 to 50 atomic ppm based on the amount 
of the silicon atoms. 

As apparent from what above stated, the amount of the fluorine. atoms contained in not only the first photo- 

30 conductive layer but also the second photoconductive layer is a very small amount which is clearly distinguished 
from the amount of fluorine atoms contained in the light receiving layer of the conventional light receiving mem- 
ber, for example, described in Japanese Patent Publication 63(1988)-35026 wherein there is disclosed a light 
semiconductor device having an intermediate layer between a conductive substrate and an amorphous silicon 
photoconductive layer, said intermediate layer being formed of an amorphous material containing silicon and 

35 carbon atoms with a composition ratio of C/Si being 5 to 150 atomic %, hydrogen atoms in an amount of 1 to 
40 atomic %, and fluorine atoms in an amount of 0.001 to 20 atomic %. 

In a preferred embodiment, the first photoconductive layer is incorporated with oxygen atoms. In this case, 
the oxygen atoms may be incorporated in a state of being distributed uniformly in the entire layer region of the 
first photoconductive layer. In an alternative, they may be incorporated such that the first photoconductive layer 

40 has a layer region where the oxygen atoms being distributed unevenly in the thickness direction. The amount 
of the oxygen atoms to be contained in the first photoconductive layer is properly determined preferably in the 
range of from 500 to 10,000 atomic ppm, or more preferably, in the range of from 600 to 5,000 atomic ppm 
respectively based on the amount of the silicon atoms. 

In the electrophotographic light receiving member of the present invention, the composition of the second 

45 photoconductive layer is different from that of the first photoconductive layer as above described and because 
of this, the second photoconductive layer exhibits excellent charge generation characteristics upon receiving 
light irradiation. 

In general, the second photoconductive layer substantially contains none of carbon atoms, oxygen atoms 
and nitrogen atoms. However, it may contain at least one kind of atoms selected from the group consisting of 
so carbon atoms, oxygen atoms and nitrogen atoms in a total amount of 5 x 10-* atomic % or less. In this case, 
further improvements are provided with respect to the dark resistance, film adhesion and sensitivity. 

In particular, it has been confirmed by experiments that the photoconductive characteristics, image-forming 
characteristics and durability of the electrophotographic light receiving member of the present invention are 
remarkably improved when the first photoconductive layer is by a non-SiC:H:F:0 in which at least each of the 
55 carbon atoms, fluorine atoms and oxygen atoms are contained in an amount within the foregoing respective 
defined ranges. 

In the present invention, the first and the second photoconductive layers can be properly formed by a vapor 
deposition film-forming process while setting the conditions for the numerical values of film-forming parameters 
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properly so as to obtain desired characteristics. Specifically, the photoconductive layer can be formed by vari- 
ous ways of thin film deposition processes, for example, glow-discharge process (alternating current discharge 
CVD process such as low frequency CVD, radio frequency CVD or microwave CVD, or direct current discharge 
CVD process), sputtering process, vapor deposition process, ion plating process, optical CVD process and ther- 

5 mal CVD process. Such thin film deposition processes can be properly selected and adopted depending on 
factors such as production conditions, installation cost, production scale and characteristics desired for the 
electrophotographic light receiving materials to be prepared. Glow discharge process, sputtering process or 
ion plating process is suitable since conditions for producing an electrophotographic light receiving member 
having desired characteristics can be controlled relatively easily. The layer may be formed by using these 

w methods in combination in one identical system. For instance, a non-SiC:H:F:0 photoconductive layer may be 
formed by a glow discharge process, basically, by introducing a raw material gas for supplying Si capable of 
supplying silicon atoms (Si), a raw material gas for supplying C capable of supplying carbon atoms (C), a raw 
material gas for supplying H capable of supplying hydrogen atoms (H), a raw material gas for supplying F cap- 
able of supplying fluorine atoms (F) and a raw material gas for supplying O capable of supplying oxygen atoms 

15 (O), in a desired gaseous state into a reaction vessel the inner pressure of which being capable of being 
reduced, causing glow discharge in the reaction vessel and forming a layer comprising a non-SiC:H:F:0 on 
the surface of a predetermined substrate previously disposed at a predetermined position. 

As the raw material that can be used effectively as the Si supplying gas in the present invention, there can 
be mentioned gaseous or gasifiable silicon hydrides (silanes) such as SiH 4 , Si 2 H 6 , Si 3 H 8 and Si 4 H 10 . Among 

20 these, SiH 4 and Si2H$ are most preferred in view of easy handling upon forming the layer and high Si supplying 
efficiency. The raw material gas supplying Si may be diluted, if required, with a gas such as H 2 , He, Ar or Ne. 

The raw material for introducing carbon atoms usable in the present invention is preferably a material which 
is gaseous at a normal temperature and a normal pressure or a material which can be easily gasified at least 
under layer-forming conditions. 

25 As the starting material that can be used effectively as the raw material gas for introducing the carbon atoms 

(C), there can be mentioned those comprising C and H as constituent atoms, for example, saturated hydrocar- 
bons with 1 to 5 carbon atoms, ethylenic hydrocarbons with 2 to 4 carbon atoms and acetylenic hydrocarbons 
with 2 to 3 carbon atoms. 

More specifically, there can be mentioned methane (CH 4 ), ethane (C 2 H 6 ). propane (CjHe), n-butane (N- 
30 C 4 H 10 ) and pentane (C 5 H 12 ) as the saturated hydrocarbons; ethylene (C^HU), propylene (C 3 H 6 ), butene-1 
(C 4 H 8 ), butene-2 (C 4 H 8 ), isobutylene (C 4 H 8 ) and pentene (C 5 H 10 ) as the ethylenic hydrocarbons and acetylene 
(C 2 H 2 ), methyl acetylene (C 3 H 4 ) and butine (C 4 H 6 ) as the acetylenic hydrocarbons. 

Further, as the starting material gas comprising Si and C as the constituent atoms, there can be mentioned, 
for example, alkyl silicides such as Si(CH 3 ) 4 and Si(C 2 H 5 ) 4 . 
35 In addition, fluorinated hydrocarbons such as CF 4 , CF 3 . C 2 F 6 , C 3 F a and C 4 F fi can also be mentioned since 

fluorine atoms can also be introduced in addition to the introduction of the carbon atoms (C). 

As the starting material that can be used effectively as the gas for introducing the oxygen atoms (O) in the 
present invention, there can be mentioned, for example, oxygen (0 2 ), ozone (0 3 ), nitrogen monoxide (NO), nit- 
rogen dioxide (N0 2 ), dinitrogen monoxide (N 2 0). dinitrogen trioxide (N 2 0 3 ), trinitrogen tetraoxide (N 3 0 4 ) and 
40 dinitrogen pentaoxide (N 2 O s ). 

In addition, compounds such as CO and C0 2 may also be mentioned since the oxygen atoms can also be 
introduced in addition to the introduction of the carbon atoms (C). 

As the fluorine-supplying gases that can be used effectively in the present invention, there can be men- 
tioned, preferably, for example, gaseous or gasifiable fluoro compounds such as fluorine gas, fluoride, fluoro- 
45 containing inter-halogen compound and fluoro-substituted silane derivative. Further, gaseous or gasifiable 
fluro-containing silicon hydride compound containing silicon atoms and fluorine atoms as the constituent ele- 
ments can also be mentioned as effective compounds. 

As the fluoro compound suitably usable in the present invention, there can be mentioned, for example, 
fluorine gas (F 2 ), and inter-halogen compounds such as BrF, CIF, CIF 3 , BrF 3l BrF s , IF 3 , IF 7 . 
so As the fluoro-containing silicon compounds, so-called fluoro-substituted silane derivatives, there can be 

mentioned, specifically, for example, silicon fluorides such as SiF 4 and Si 2 F 6 . In the case of forming a distinctive 
electrophotographic light receiving member of the present invention by a glow discharge process or the like by 
using the fluoro-containing silicon compound as described above, a photoconductive layer comprising a non- 
Si:H:F can be formed without using any silicon hydride gas as a gas for supplying Si. However, for controlling 
55 the introduction ratio of the hydrogen atoms into the photoconductive layer to be formed more easily, it is pre- 
ferred to form the layer by admixing hydrogen gas or a hydrogen-containing silicon compound gas in a desired 
amount to the above-mentioned gas. Further, each of the gases described above may be used alone or a 
plurality of them may be mixed at a predetermined mixing ratio. 

7 



RN.cinncin <fp 



EP 0 454 456 A1 



30 



In the present invention, the fluorides or the fluoro-containing silicon compounds described above are used 
effectively as the fluorine atom-supplying gas, but other than these, other gaseous or gasiflable materials such 
as HF and fluoro-substituted silicon hydrides e.g. SiH 3 F. SiH 2 F 2 and SiHF 3 can also be mentioned as the effec- 
tive raw material for forming the photoconductive layer. In this case, the hydrogen-containing fluorides are desi- 
5 rably used as the suitable fluorine atom supplying gases, since hydrogen atoms which are extremely effective 
for the control of the electrical or photoelectric characteristics can also be introduced simultaneously with the 
introduction of the fluorine atoms in the layer upon forming the photoconductive layer. 

In order to structurally introduce hydrogen atoms into the photoconductive layer, it is possible to cause glow 
discharge in the presence of H 2 or a silicon hydride such as SiH 4 , Si 2 H 6 , Si 3 H 8 and Si 4 H 10 and silicon or a silicon 
10 compound for supplying Si in a reaction vessel. 

The amount of the hydrogen atoms and/or the amount of the fluorine atoms to be incorporated into the 
photoconductive layer can be desirably adjusted, for example, by controlling the temperature of the substrate 
the amount of the raw material capable of supplying hydrogen atoms or fluorine atoms to be introduced into 
the reaction vessel and the discharging electric power to be applied. 
15 Further, in the present invention, atoms (M) of an element capable of controlling the conductivity ( hereinaf- 

ter referred to as "conductivity controlling atoms" or "conductivity controlling element" ) are preferably incorpo- 
rated as required, into the photoconductive layer. 

The conductivity controlling atoms (M) may be incorporated in a state of being distributed uniformly in the 
entire layerregion of the photoconductive layer. In an alternative, they may be incorporated such that the photo- 
conductive layer has a layerregion where the conductivity controlling atoms being distributed unevenly in the 
thickness direction. 

As the conductivity controlling element, so-called impurities in the field of the semiconductor can be men- 
tioned and those usable herein are elements belonging to the group III of the periodic table that provide p-type 
conductivity (hereinafter simply referred to as "group III element") or elements belonging to the group V of the 
periodic table that provide n-type conductivity (hereinafter simply referred to as "group V element") 

Specifically, the group III element can include B (boron), Al (aluminum), Ga (gallium), In (indium) and T1 
(thallium), and among these, B, Al and Ga being particularly preferred. The group V element can include for 
example, P (phosphorus), As (arsenic), Sb (antimony) and Bi (bismuth), and among these, P and Sb beinq par- 
ticularly preferred. 



20 



25 



As for the amount of the conductivity controlling atoms (M) to be contained in the photoconductive layer 
rt is desired to be preferably in the range of from 1 x 1Cr^ to 5 x 10-^ atomic ppm, more preferably, in the range 
of from 1 x 10-2 to 1 x 10 4 atomic ppm and most pre ferably, in the range of from 1 x 10-' to 5 x 103 atomic ppm 
respectively based on the amount of the silicon atoms. 

in the case where the content of the carbon atoms (C) in the photoconductive layer is less than 1 x 103 
35 atomic ppm. the amount of the atoms (M) to be incorporated into the photoconductive layer is desired to be 
preferably ,n the range of from 1 x 10H> to 1 x 103 atomic ppm. In the case where the content of the carbon 
atoms (C) «s greater than 1 x 10* atomic ppm. the amount of the atoms (M) to be incorporated into the photo- 
conductive layer is desired to be preferably in the range of from 1 x 1 0 1 to 5 x 1 0r- 4 atomic ppm. 

In order to structurally introduce the conductivity controlling atoms of the group III element or the group V 
40 element into the photoconductive layer, a gaseous raw material capable of supplying such atoms is introduced 
into the reaction vessel together with other gases for forming the photoconductive layer upon forming the layer 
As the raw material capable of supplying the group III atoms and as the raw material capable of supplying 
the group V atoms, it is desired to adopt those which are gaseous at a normal temperature and a normal press- 
ure or those which can be easily gasified at least under the layer-forming conditions. Specifically, the raw ma- 
45 tenal capable of supplying the group III atoms can include, for example, boron hydrides such as B 2 H 6 . B 4 H 10 . 
BsH 9 , B 5 H n , B 6 H n0 , B 6 H 12 and B 6 H 14 and b.-r on halides such as BF 3 , BCI 3 , BBr 3 which can supply boron atoms' 
Other than these, there can be also mentioned AICI 3 . GaCI 3 , Ga(CH 3 ) 3 , lnCI 3 and TlCI 3 . 

As the raw materials usable effectively for introducing the group V atoms, there can be mentioned phos- 
phorus hydrides such as PH 3 and P 2 H 4 and phosphorus halides such as PHJ. PF 3 . PF 5 . PCI 3 PCI 5 PBr 3 PBr 5 
so and Pl 3 for introducing phosphorus atoms. In addition. AsH 3 , AsF 3 , AsCI 3 , AsBr 3 , AsF 5 , SbH 3 , SbF 3 , SbF 5 , SbCI 3 , 

atoms B,H3, B,Cl3 BiBr3 0311 a,S ° bB menlioned as raw matenals for effectively introducing the group V 

Further, these raw materials for introducing the atoms (M) may be diluted with a gas such as H 2 He Ar or 
Ne upon use, if necessary. 

55 Further, the photoconductive layer in the light receiving member according to the present invention may 

also contain atoms (M') of at least an element selected from the group consisting of group la, lla IVa and VIM 
elements of the periodic table. The atoms (M') may be incorporated in a state of being distributed uniformly in 
the entire layer region of the photoconductive layer. In an alternative, they may be incorporated such that the 
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photoconductive layer has a layer region where the atoms (M') being distributed unevenly in the thickness direc- 
tion. 

However , in any of the cases, it is necessary for the atoms (M') to be throughout distributed with a uniform 
state in the plane direction in parallel with the surface of the substrate in view of attaining uniformity of the 
5 characteristics in the plane direction. 

As the group la element, there can be mentioned, specifically, Li (lithium), Na (sodium) and K (potassium). 
Likewise, as.thergroup Ha element, there can be mentioned Be (beryllium), Mg (magnesium), Ca (calcium), 
Sr(strontium) and Ba (barium). ° 

Further, as the group Via element, there can be mentioned, specifically, Cr (chromium). Mo (molybdenum) 
w and W (tungsten). As the group VIII element, there can be mentioned, Fe (iron), Co (cobalt) and Ni (nickel). 

As for the thickness of the photoconductive layer, it should be properly determined having due regards not 
only on the electrophotographic characteristics desired for the resulting electrophotographic light receiving 
member and but also on economical effects. 

Particularly, as for the thickness of the first conductive layer, it should be determined having due regards 
15 so that the first conductive layer exhibits a sufficient charge possessing performance and desirably functions 
to prevent occurrence of ghosts on an image obtained. In view of this, the first conductive layer is made to be 
of a thickness preferably in the range of from 10 to 40 u.m, more preferably, in the range of from 20 to 30 urn 
and most preferably, in the range of from 15 to 25 urn. 

The thickness of the second photoconductive layer should be determined having due regards so that the 
20 second photoconductive layer desirably functions to generate photo-carriers depending on the intensity of light 
irradiated and also having due regards on the interrelation with the thickness of the first photoconductive layer. 
In view of this, the second photoconductive layer is made to be a thickness preferably in the range of from 0.01 
to 30 urn, more preferably in the range of from 0.1 to 20 urn and most preferably, in the range of from 1 to 10 
um. 

25 For forming a photoconductive layer comprising a non-Si:H:F material or a photoconductive layer compris- 

ing a non-SiC:H:F:0 material respectively having characteristics capable of attaining the object according to 
the present invention, it is necessary that the temperature of the substrate and the gas pressure in the reaction 
vessel upon layer formation are properly adjusted depending on the requirements. 

As for the temperature of the substrate (Ts) upon layer formation, it is properly selected within an optimum 

so range in accordance with the design for the layer. In general, it is preferably from 100 to 450°C and more pref- 
erably, from 200 to 400°C. 

The gas pressure in the reaction vessel upon layer formation is also properly selected within an optimum 
range in accordance with the design for the layer. In general, it is preferably from 1 x 10^ to 10 Torr, more 
preferably, from 5 x 10-* to 3 Torr and most preferably, from 1 x 10-3 to 1 y orr 

35 However, the actual conditions for forming each of the first and second photoconductive layers such as 

the temperature of the substrate, the gas pressure in the reaction vessel and the discharging power cannot 
usually be determined with ease independent of each other. Accordingly, the conditions optimal to the layer 
formation are desirably determined based on relative and organic relationships for forming each of the first and 
second photoconductive layers respectively having desired properties. 

40 In the light receiving member according to the present invention, a layer region in which a composition 

varies continuously may be disposed between the first photoconductive layer and the second conductive layer, 
and/or between the second photoconductive layer and the surface layer. The disposition of such layer region 
can further improve the injection property of the photocarriers between each of the layers and improve the adhe- 
sion between each of the layers. 

45 Further, in the light receiving member according to the present invention, it is desired that a layer region 

containing at least aluminium atoms, silicon atoms, carbon atoms and hydrogen atoms in a state of being dis- 
tributed unevenly in the thickness direction is disposed in the region of the first photoconductive layer which is 
situated on the side of the substrate. 

so Surface Layer 

The surface layer in the present invention is desirably constituted by a non-Si (C, O, N):(H, X) material con- 
taining silicon atoms, at least one kind of atoms selected from the group consisting of carbon atoms, nitrogen 
atoms and oxygen atoms, and at least one kind of atoms selected from the group consisting of hydrogen atoms 
55 and halogen atoms as the constituent elements. The surface layer does not contain at all or does substantially 
not contain the foregoing conductivity controlling atoms (M) which are optionally contained in the photocon- 
ductive layer. 

As above described, the surface layer contains at least one kind of atoms selected from the group consisting 
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of carbon atoms, nitrogen atoms and oxygen atoms ( hereinafter referred to as " atoms (C.N.O) " ). The atoms 
(C.N.O) may be incorporated in a state of being distributed in the entire layer region of the surface layer In an 
alternative, the atoms (C.N.O) may be incorporated such that the surface layer has a layer region where the 
atoms (C.N.O) being distributed unevenly in the thickness direction. However, in any case it is necessary for 
the atoms (C.N.O) to^e throughout distributed with a uniform state in the plane direction in parallel with the 
surface of tfie substrate in view of attaining uniformity of the characteristics in the plane direction 

The atoms (C.N.O) contained in the entire region of the surface layer chiefly contribute to improving the 
dark res,stance and the hardness. The amount of the atoms (C.N.O) to be contained in the surface layer is 
preferably, from 1 x 10-3 to 90 atomic o /o more p referaD | Vi from ! x 10 -i to 85 atomic % and most preferably' 
from 10 to 80 atomic % in terms of a total amount. 

Further, as above described, the surface layer contains at least one kind of atoms selected from the group 
consishng of hydrogen atoms and halogen atoms ( hereinafter referred to as " atoms (H,X) " ) The atoms (H X) 
m^w.!^? SUrfaCe ' ayer contnbutes to desirably compensating dangling bonds present in the non-Si (C 
N..O): H, X) material, whereby improving the film quality. The amount of the hydrogen atoms, the amount of 
the halogen atoms or the sum of the amounts for the hydrogen atoms and the halogen atoms to be contained 
,n the surface layer is, preferably, from 1 to 70 atomic %. more preferably, from 5 to 50 atomic % and most 
preferably, from 10 to 30 atomic %. 

As for the thickness of the surface layer, it should be properly determined having due regards only on the 
electrophotographic characteristics desired for the resulting electrophotographic light receiving member, on the 
interrelate w.th the photoconductive layer and also on economical effects. In view of this, the surface layer 
is made to be of a thickness preferably in the range of from 0.003 to 30 urn, more preferably in the range of 
from 0.01 to 20 M m and most preferably, in the range of from 0.1 to 10 jim 

The surface layer constituted by the foregoing non-Si (C, N. 0):(H. X) material can be formed in the same 
manner as in the case of forming the photoconductive layer. 

The temperature of the substrate and the gas pressure in a reaction vessel are important factors in order 
to form the foregoing surface layer which exhibits the characteristics required therefor. As for the temperature 
on ? e ^ fate UP ° n ,ayerformation > il is P ro P e «V selected within an optimum range and it is. preferably, from 
20 to 500 C. more preferably, from 50 to 480°C and most preferably, from 100 to 450°C 

The gas pressure in the reaction vessel is also selected properly from an optimum range and it is. prefer- 
ably, from 1 x 10-5 to 10 Torr more preferably from 5 x 10 ^ to 3 Torr and most preferab|y from 1 x to 1 

However, the actual conditions forforming the surface layer such as the temperature of the substrate the 
gas pressure in the reaction vessel and the discharging power cannot usually be determined with ease inde- 
pendent of each other. Accordingly, the conditions optimal to the layer formation are desirably determined 
based on relate and organic relationships for forming the surface layer having desired properties. 

Charge Injection Inhibition Layer 

In the electrophotographic light receiving member of the present invention, it is preferred to further comprise 
a charge injection inhibition layer composed of a non-Si material having a function of preventing injection of 
charges from the conductive substrate into the photoconductive layer which is disposed between the conductive 
substrate and the photoconductive layer. The charge injection inhibition layer has a so-called polarity depen- 
dency that it provides a function of preventing injection of charges from the conductive substrate into the photo- 
conductive layer when the light receiving layer undergoes charging treatment of a certain polarity to the free 
surface thereof, whereas it does not provide such a function when the layer undergoes charging treatment of 
an opposite polarity In order for the charge injection inhibition layer to exhibit these functions, a relatively large 
amount of atoms <M») of a conductivity controlling element capable of providing a given conduction type is con- 
tained in the charge injection inhibition layer. 

The atoms (M") may be incorporated in a state of being distributed in the entire layer region of the charae 
injection mhibition layer. In an alternative, the atoms (M") may be incorporated such that the charge injection 
nhibition layer has a layer region where the atoms (M") being distributed unevenly in the thickness direction 
Iro n 6 1 C 1 ° ncen,ration distribution of the atoms (M") is uneven, it is desired that the atoms (M") 

are d 1S tr.buted w.th a relatively high concentration in the region situated on the side of the substrate However 
in any case, .t is necessary for the atoms (NT) to be throughout distributed with a uniform state in the plane 
direction .n parallel w.th the surface of the substrate in view of attaining uniformity of the characteristics in the 
plane direction. 

As the foregoing conductivity controlling element for the atoms (M"), so-called impurities in the field of the 
sem.conductorcan be mentioned and those usable herein are elements belonging to the group III of the periodic 
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table that provide a p-type conductivity ("group III element 0 ) or elements belonging to the group V of the periodic 
table that provide an n-type conductivity ("group V element"). 

Specifically, the group Ml element can include B (boron), Al (aluminum), Ga (gallium). In (indium) and Tl 
(thallium), and among these, B, Al, Ga being particularly preferred. The group V element can include, for 
5 example, P (phosphorus), As (arsenic), Sb (antimony) and Bi (bismuth), and among these, P and Sb being par- 
ticularly preferred. 

The amount of the atoms (M") to be contained in the Charge injectionjnhibition layer should be properly 
determined in accordance with the requirement so as to effectively attain the object of the present invention. 
It is, preferably, from 30 to 5 x 10 4 atomic ppm, more preferably, from 50 to 1 x 10 4 atomic ppm and most pref- 
w erably, from 1 x 10 2 to 5 x 10 3 atomic ppm. 

Further, by incorporating at least one kind of atoms selected from the group consisting of carbon atoms, 
nitrogen atoms and oxygen atoms ( hereinafter referred to as " atoms (C.N.O) " ) in the charge injection inhibi- 
tion layer, it is possible to further improve the adhesion between the charge injection inhibition layer and other 
layer disposed in direct contact therewith. 
15 The atoms (C,N,0) may be incorporated in a state of being distributed in the entire layer region of the charge 

injection inhibition layer. In an alternative, the atoms (C.N.O) may be incorporated such that the charge injection 
inhibition layer has a layer region where the atoms (C,N f O) being distributed unevenly in the thickness direction. 
However, in any case, it is necessary for the atoms (C,N,0) to be throughout distributed with a uniform state 
in the plane direction in parallel with the surface of the substrate in view of attaining uniformity of the charac- 
20 teristics in the plane direction. 

The amount of the atoms (C.N.O) to be contained in the entire region of the charge injection inhibition layer 
should be properly determined such that the object of the present invention can be attained effectively. How- 
ever, in general, the amount of the atoms (C,N.O) to be contained in the charge injection inhibition layer is, 
preferably, from 1 x 10- 3 to 90 atomic %, more preferably, from 5 x 10- 3 to 80 atomic % and, most preferably, 
25 from 1 x 10t 2 to 50 atomic % respectively in terms of a total amount. 

The charge injection inhibition layer may contain at least one kind of atoms selected from the group con- 
sisting of hydrogen atoms and halogen atoms ( hereinafter referred to as " atoms (H,X) w ). The atoms (H.X) 
contained in the charge injection inhibition layer provides an effect of compensating dangling bonds present 
in the layer to improve the layer quality. The amount of the atoms (H,X) to be contained in the charge injection 
30 inhibition layer is, preferably, from 1 to 70 atomic %, more preferably, from 5 to 50 atomic % and most preferably, 
from 10 to 30 atomic % respectively in terms of a total amount. 

The charge injection inhibition layer is desired to be of a thickness preferably, in the range of from 0.01 to 
10 urn, more preferably, in the range of from 0.05 to 7 and most preferably, in the range of from 0.1 to 5 
um in order to obtain, for example, desired electrophotographic characteristics and economical effects. 
35 The charge injection inhibition layer can be formed in the same manner as in the case of forming the photo- 

conductive layer. 

The temperature of the substrate and the gas pressure in a reaction vessel are important factors in order 
to form the charge injection inhibition layer which exhibits the characteristics required therefor. As for the tem- 
perature of the substrate upon layer formation, it is properly selected within an optimum range and it is, pref- 
40 erably, from 20 to 500°C, more preferably, from 50 to 480°C and most preferably, from 100 to 450°C. 

The gas pressure in the reaction vessel is also selected properly from an optimum range and it is, prefer- 
ably, from 1 x 10~ 5 to 10 Torr, more preferably, from 5 x 10-* to 3 Torrand most preferably, from 1 x 10-^ to 1 
Torr. 

However, the actual conditions for forming the charge injection inhibition layer such as the temperature of 
45 the substrate, the gas pressure in the reaction vessel and the discharging power cannot usually be determined 
with ease independent of each other. Accordingly, the conditions optimal to the layer formation are desirably 
determined based on relative and organic relationships for forming the charge injection inhibition layer having 
desired properties. 

Description will now be made specifically to an apparatus and a method of forming deposited films by using 
so a high frequency wave plasma CVD process and a microwave plasma CVD process. 

Fig. 3 is a schematic view for illustrating one example of an apparatus for producing an electrophotographic 
light receiving member by using a high frequency wave plasma CVD process (hereinafter referred to as M RF- 
PCVD"), and Fig. 4 is a schematic view for illustrating one example of a deposited film forming apparatus that 
forms deposited films for producing an electronic photographic light receiving member by a microwave plasma 
55 CVD process (hereinafter referred to as "u-W-PCVD") and Fig. 5 is an explanatory view of an apparatus for pro- 
ducing the electrophotographic light receiving member by the uW-PCVD process. 

The production apparatus for the deposited film according to the RF-PCVD process shown in Fig. 3 has 
the following constitution. The apparatus generally comprises a deposition device 3100, a raw material gas SUp- 
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ply device 3200 and an evacuation device (not illustrated) for reducing the pressure inside the reaction chamber 

31 1 1 . A cylindrical substrate 3112. a substrate heating heater 3113 and a raw material gas introduction pipe 
3114 are disposed at the inside of the reaction chamber 3111 in the deposition device 3100 and, further, an 
RF matching box 3115 is connected. 

The raw material gas supply device 3200 comprises reservoirs 3221 - 3226 for material gases such as SiH 4 , 
r GeH 4l H 2 , CH 4 , B 2 H 6 and PH 3 , valves 3231, — 3236, 3241,-3246, 3251 — 3256 and mass flow controllers 
3211-3216, in which the reservoir for each of the raw material gases is connected by way of a valve 3260 to 
the gas introduction pipe 31 14 in the reaction chamber 3111, 

The deposited films can be formed by using the apparatus, for example, as described below. 

At first, the cylindrical substrate 31 12 is disposed in the reaction chamber 31 1 1 and the inside of the reaction 
chamber 31 11 is evacuated by a not-illustrated evacuation device (for example, vacuum pump). Subsequently, 
the temperature for the cylindrical substrate 3112 is controlled to a predetermined temperature from 20°C to 
500°C by the substrate heating heater 3113. 

For introducing the raw material gas for forming the deposited films into the reaction chamber 31 1 1 , closure 
of the gas reservoir valves 3231 - 3236 and the leak valve 31 17 of the reaction chamber, as well as opening 
of the inflow valves 3241 - 3246, exit valves 3251 - 3256 and the auxiliary valve 3260 are confirmed and then 
the main valve 31 1 8 is opened to evacuate the inside of the reaction chamber 31 1 1 and the gas pipeline 31 1 6. 

Then, when the reading on the vacuum gauge 31 19 reaches about 5 x 10- 6 Torr, the auxiliary valve 3260 
and the exit valves 3251 - 3256 are closed. Subsequently, each of the gases in the gas reservoirs 3221 - 3226 
is introduced by opening each of the valves 3231 - 3236 and the pressure for each of the gases is controlled 
to 2 kg/cm 2 by pressure controllers 3261 - 3266. Then, the inflow valves 3241 - 3246 are gradually opened to 
introduce the gases into the mass flow controllers 321 1 - 3216 respectively. 

After the preparation for the film formation has thus been completed, each of the layers, that is, the charge 
injection inhibition layer, the photoconductive layer and the surface layer is formed on the cylindrical substrate 

3112. When the temperature for the cylindrical substrate 31 12 reaches a predetermined level, the relevant exit 
valves 3251 - 3256 and the auxiliary valve 3260 are gradually opened and predetermined gases are introduced 
from the gas reservoirs 3221 - 3226 by way of the gas introduction pipe 31 14 into the reaction chamber 311 1. 
Then, each of the raw material gases is controlled to a predetermined flow rate by each of the mass controllers 
3211 - 3216. In this case, the opening degree for the main valve 3118 is controlled such that the pressure at 
the inside of the reaction chamber 31 1 1 is set to a predetermined pressure less than 1 Torr while observing 
the reading on the vacuum gauge 31 1 9. When the pressure is stabilized, an RF power source (not illustrated) 
is set to a desired power and RF power is introduced through the RF matting box 31 1 5 into the reaction chamber 
311 1 to initiate RF glow discharge. The raw material gases introduced into the reaction chamber are decom- 
posed by the electric discharge energy and predetermined deposited films mainly composed of silicon are for- 
med on the cylindrical substrate 31 12, After the formation of the film with a desired thickness, supply of the RF 
power is interrupted and the exit valves are closed to in terrupt the introduction of the gases in the reaction cham- 
ber to complete the formation of the deposited films. 

By repeating the similar procedures for several times, a desired light receiving layer having a multi-layered 
structure is formed. 

It will be apparent that all of other exit valves than those for the required gases are closed upon forming 
the respective layers. Further, in order to avoid the respective gases from remaining in the reaction chamber 
31 1 1 and in the pipelines from the exit valves 3251 - 3256 to the reaction chamber 31 1 1 , a procedure of once 
evacuating the inside of the system to a high vacuum by closing the exit valves 3251 -3256, opening the 
auxiliary valve 3260 and fully opening the main valve 31 1 8 is conducted as required. 

Further, for unrformly forming the films, the cylindrical substrate 3112 is revolved at a predetermined 
velocity by a driving device (not illustrated) during formation of the films. 

It will be apparent that the kind of the gases and the operations for the valves are property changed in 
accordance with the conditions for forming the respective layers. 

Any temperature may be effective for the substrate upon forming the deposited films and it is desirable 
that the temperature is from 20°C to 500°C, preferably, from 50°C to 480°C and, more .preferably, from 100°C 
to 450°C for attaining satisfactory effect. 

The heating for the substrate may be applied by using any of heat generating members specified so as to 
be operated under vacuum. More specifically, there can be mentioned electric resistance heat generating mem- 
ber such as sheath heater, wire-wound heater, plate heater or ceramic heater, heat radiation lamp heat generat- 
ing member such as halogeno lamp and infrared lamp, and heat generating member having heat exchanging 
means usmgliquid, gas or the like as a heat medium. As the material for constituting the surface of the heating 
means, there can be used metals such as stainless steel, nickel, aluminum or copper, as well as ceramics and 
heat resistant polymeric resins. 
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Further, a method of disposing a chamber exclusively used for heating in addition to the reaction chamber, 
heating the substrate and then transporting it under vacuum in the reaction chamber. 

Description will now be made to a process for producing an electrophotographic light receiving member to 
be formed by a microwave plasma CVD process. 

The deposition device 31 00 by the RF CVD process in the production apparatus shown in Fig. 3 is replaced 
with a deposition device 4100 shown in Fig. 4, which is connected to the raw material gas supply device 3200, 
to obtain a production apparatus for electrophotographic light receiving members by the u.W ptefema CVD pro- 
cess having the following constitution shown in Fig. 5. 

The apparatus comprises a reaction chamber 4111 having a gas tight vacuum structure, the pressure at 
the inside of which can be reduced, a raw material supply device 3200, and an exhaust device (not illustrated) 
for reducing the pressure at the inside of the reaction chamber. At the inside of the reaction chamber 411 1, 
are disposed a microwave introduction window 41 1 2 formed with such a material as capable of efficiently allow- 
ing a microwave power to pass therethrough into the reaction chamber and capable of keeping vacuum seal 
(for instance, quartz glass or alumina ceramics), a microwave guide tube 4113 connected by way of a stub tuner 
(not illustrated) and an isolator (not illustrated) to a microwave power source (not illustrated), cylindrical subs- 
trates 41 1 5 on which deposited films are to be formed, substrate heating heaters 41 1 6, a raw material gas intro- 
duction pipe 4117, and an electrode 4118 for applying an external electric bias for controlling the plasma 
potential. The inside of the reaction chamber 4111 is connected by way of an exhaust pipe 4121 to a diffusion 
pump not illustrated. The raw material gas supply device 3200 comprises reservoirs 3221 - 3226 for raw ma- 
terial gases such as SiH 4 , GeH 4 , H 2 , CH 4 , B 2 H 6 and PH 3 , valves 3231 - 3236, 3241 -3246, 3251 - 3256 and 
mass flow controllers 321 1 - 3216, in which the reservoir for each of the raw material gases is connected by 
way of the valve 3260 to the gas introduction pipe 4117 in the reaction chamber. Further, a space 4130 sur- 
rounded with the cylindrical substrates 4115 defines a discharging space. 

The deposited films can be formed by this apparatus using the microwave CVD process as described 
below. 

At first, the cylindrical substrates 4115 are disposed in the reaction chamber 4111, and are revolved by 
the driving device 4120, and the inside of the reaction chamber 411 1 is evacuated by way of the evacuation 
pipe 4121 using a not illustrated evacuation device (for example, vacuum pump) to control the pressure inside 
of the reaction chamber 4111 to lower than 1 x 1 0 - 7 Tonr. Successively, the temperature for the cylindrical sub- 
strates 41 1 1 is heated to and maintained at a predetermined temperature from 20°C to 500°C by the substrate 
heating heaters 41 16. 

For introducing the raw material gases for forming the deposited films into the reaction chamber 41 1 1 , clos- 
ure of the gas reservoir valves 3231 - 3236 and the leak valve (not illustrated) of the reaction chamber, as well 
as opening of the inflow valves 3241 - 3246, the exit valve 3251 - 3256 and the auxiliary valve 3260 are con- 
firmed, and then the main valve (not illustrated) is opened to evacuate the inside of the reaction chamber 4111 
and the gas pipelines 4122. Then, when the reading on the vacuum gauge reaches about 5 x 10-* 6 Torr, the 
auxiliary valve 3260 and the exit valves 3251 - 3256 are closed. 

Subsequently, each of the gases is introduced from each of the gas reservoirs 3221 - 3226 by opening 
each of the valves 3231 - 3236, and the pressure for each of the gases is controlled to 2 kg/cm 2 by each of the 
pressure controllers 3261 - 3266. Then, each of the inflow valves 3241 - 3246 is gradually opened to introduce 
each of the gases into each of the mass flow controllers 3211 -3216. 

After the setting for the preparation of the film has thus been completed, each of the layers, that is. the 
charge injection inhibition layer, the photoconductive layer and the surface layer is formed on each of the cylin- 
drical substrates 41 1 5. When the temperature for the cylindrical substrate 4115 reaches a predetermined level, 
the relevant exit valves 325 1 -3256 and the auxiliary valve 3260 are gradually opened and predetermined gases 
are introduced from the gas reservoirs 3221 - 3226 by way of the gas introduction pipe 4117 into the reaction 
chamber 4111. Then, each of the raw material gases is controlled to a predetermined flow rate by each of the 
mass controllers 321 1 - 3216. In this case, the opening degree for the main valve (not illustrated) is controlled 
such that the pressure at the inside of the discharge space 4130 is set to a predetermined pressure less than 
1 Torr while observing the reading on the vacuum gauge (not illustrated). Then, microwave at a frequency of 
higher than 500 MHz. preferably. 2.45 GHz is generated by a microwave power source (not illustrated) after 
the pressure has been stabilized, the microwave power source (not illustrated) is set to a desired power, the 
uW energy is introduced by way of the wave guide tube 4113 and the microwave introduction window 4112 
into the discharge space 4130 to take place uW glow discharge. Substantially in parallel therewith, an electric 
bias such as a DC bias is applied from the power source 41 19 to the electrode 41 18. Thus, the introduced raw 
material gases in the discharge space 4130 surrounded with the substrates 4115 are excited and dissociated 
by the energy of the microwave and predetermined deposition films are formed on the cylindrical substrates 
4115. In this case, the substrates are revolved at a desired velocity by a substrate revolving motor 4120 for 
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making the formation of the layer uniform. 

After a film of a predetermined thickness has been formed, the supply of the uW power is intenupted and 
the exit valve is closed to interrupt the introduction of the gases into the reaction chamber, to complete the for- 
mation of the deposited films. 

By repeating the similar procedures for several times, a desired light receiving layer having,a multi-layered 
structure is formed. ° ■ 

It will be apparent that all of other exit valves than those for the required gases are closed upon forming 
the respective layers. Further, in order to avoid the respective gases from remaining in the reaction chamb-r 
41 1 1 and in the pipelines from the exit valves 3251 - 3256 to the reaction chamber 41 1 1 . a procedure of once 
evacuating the inside of the system to a high vacuum by closing the exit valves 3251 - 3256 opening the 
auxiliary valve 3260 and fully opening the main valve (not illustrated) is conducted as required 

It will be apparent that the kind of the gases and the operations for the valves are property changed in 
accordance with the conditions for forming the respective layers. 

An temperature for the substrate may be effective upon forming the deposited films, and it is desirable that 
the temperature is from 20°C to 500°C, preferably, from 50°C to 480°C and. more preferably, from 100°C to 
45CTC for attaining satisfactory effect. 

The heating for the substrate may be applied by using any of heat generating members specified so as to 
be operated under vacuum. More specifically, there can be mentioned electric resistance heat generating mem- 
ber such as sheath heater, wire-wound heater, plate heater or ceramic heater, heat radiation lamp heat general- 
ing member such as halogeno lamp and infrared lamp, and heat generating member having heat exchanging 
means using hquid, gas or the like as a heat medium. As the material for constituting the surface of the heating 
means, there can be used metal such as stainless steel, nickel, aluminum or copper, as well as ceramics and 
heat resistant polymeric resins. 

Further, it is possible to adapt a method of disposing a chamber exclusively used for heating in addition to 
the reaction chamber, heating the substrate and then transporting it under vacuum in the reaction chamber 

In the pW-PCVD process, the pressure in the discharge space is. preferably, from 1 mm Torr to 100 mm 
Ton more preferably, from 3 mm Torr to 50 mm Torr and, most preferably, from 5 mm Torr to 30 mm Torr 

It is sufficient that the pressure outside the discharge space is lower than that in the discharge space If 
the pressure in the discharge space is lower than 100 mm Torr. in particular, less than 50 mm Torr. the effect 
for .mproving the deposited film characteristics is particularly increased if the pressure in the discharge space 
is as high as more than three times that at the outside of the discharge space. 

As a method of introducing the microwaves as far as the reaction furnace, there can be mentioned a method 
of using a microwave guide tube, and introduction of microwaves into the reaction furnace is conducted by intro- 
ducing them from one or plurality of dielectric windows. In this case, material used for the introduction window 
for the microwaves into the furnace, those materials with less microwave loss are usually employed such as 
alumina (Al 2 0 3 ). aluminum nitride (AIM), boronitride (BN). silicon nitride (SiN), silicon carbide (SiC). silicon oxide 
(SiOJ, beryllium oxide (BeO), teflon, polystyrene and the like. 

As the electric field to be generated between the electrode and the substrate, a DC electric field is preferred 
and the electric field is preferably directed from the electrode to the substrate. A mean level for the DC voltage 
applied to the electrode for generating the electric field is from 15 V to 300 V and. preferably, from 30 to 200 
V. There .s no particular restriction on the waveform of the DC voltage and various kind of waveforms are effec- 
bve in the present invention. That is. any of voltage forms may be used so long as the direction of the voltage 
does not change with time. For instance, in addition to a constant voltage showing no level change with time 
a pu sehke voltage and a ripple-containing rectified voltage from a rectifier the level of which changes greatly 
with lapse of time are also effective. 

Further, application of an AC voltage is also effective. Alternating current of any frequency can be used 
and. practically, a low frequency wave of 50 or 60 Hz or a radio frequency wave of 13.56 MHz is suitable The 
waveform of the alternating current may besinusoidal. rectangularwaveform orlike otherwaveform. Practically 
a sinusoidal waveform is suitable. In this case, the voltage in each of the cases means an effective value 

The s.ze and the shape for the electrode may be determined optionally so long as they do not disturb the 
electnc ^charge and. practically, a cylindrical shape with a diameter of 1 mm to 5 cm is preferred. In this case 
the .length for the electrode can also be set optionally so long as the length of the electrode allows the electric 
tield to be applied uniformly on the substrate. 

Any of materials can be used for the electrode so long as the surface of the electrode is made electrocon- 
ductive and it may usually be employed, for example, metals such as Al. Cr. Mo. Au. In Nb Te V Ti Pt Pd 
and Fe. alloys thereof, or glass, ceramic or plastic material having a surface applied with an 'electrifying treat- 
menu 

The present invention will now be explained referring to examples. 
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Example 1 

Electrophotographic light receiving members were prepared on an aluminum cylinders of 1 08 mm diameter 
applied with mirror-face fabrication, by using a production apparatus for electrophotographic light receiving 
5 member shown in Fig. 3 under the preparing conditions shown in Table 1(A), in accordance with procedures 
specifically describe previously. In this case, several kind of electrophotographic light receiving members were 
prepared by variously changing the composition of the first photoconductive layer by changing the flow rate of 
SiF 4 (diluted 5 to 100 ppm or 1% with as shown in Table 1(B). 

Electrophotographic light receiving members of specimen Nos. 1-11 prepared in this example were set 
w to a copying machine NP 8550 manufactured by Canon Inc. and modified as an electrophotographic apparatus 
for experiment and electrophotographic characteristics such as appearance of minute blank area ( dots ), 
appearance of coarse image and appearance of ghost in the initial images were evaluated. Further, appearance 
of minute blank area ( dots ), appearance of coarse image and appearance of ghost after an endurance test 
of repeating image formation by continuously passing 2,000,000 sheets of A4 size were evaluated under the 
15 circumstance at a temperature of 23°C and at a humidity of 60% with a process speed of 483 mm/sec. The 
results are shown in Table 2. 

The content of fluorine atoms (atomic ppm) in the first photoconductive layer shown in Table 2 shows the 
result of elemental analysis by SIMS. 

Evaluation shown in Table 2 was made for the dots with a diameter of less than 0.2 mm and for the coarse 
20 image in view of the image density at 100 sites, each site being a circular region of 0.05 mm diameter as one 
unit, as the scattering of the image density. For each evaluation, ®" represents "excellent", "o" represents 
"good", "A" represents "seems practically acceptable" and "x" represents "practically not acceptable". 

As can be seen from Table 2, satisfactory results can be obtained for all the test items by setting the fluorine 
content within a range from 1 to 95 atomic ppm in the first photoconductive layer. 

25 

Example 2 

Light receiving layers for an electrophotographic light receiving member were formed on an aluminum cyli- 
nder of 108 mm0 diameter applied with mirror-face fabrication by using the production apparatus for 
30 electrophotographic light receiving member by the RF glow discharge process shown in Fig. 3, under the pro- 
duction conditions shown in Table 3(A) in accordance with the procedures as described above specifically. In 
this case, the SiF 4 gas (diluted to 100 ppm or 1% with the He) used for the preparation of the first photocon- 
ductive layer was changed as shown in Table 3(B). 

When the same test as in Example 1 was applied for the electrophotographic light receiving members of 
35 the specimens Nos. 12-19 prepared in this example, the results as shown in Table 3(C) were obtained. The 
fluorine content in the table shows the results of the elemental analysis by SIMS. 

Example 3 

40 When electrophotographic light receiving members were prepared in the same way as in Example 1 by 

using the production apparatus for electrophotographic light receiving member by the RF glow discharge pro- 
cess as shown in Fig. 3, under the preparation conditions shown in Table 4(A) and (B) and the same evaluations 
were conducted, satisfactory results like that in Example 1 were obtained. The results are shown in Table 4(C). 
The fluorine content in Table 4(C) shows values obtained by elemental analysis by SIMS. 

45 

Example 4 

When electrophotographic light receiving members were prepared in the same manner as in Example 1, 
by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 
so process shown in Fig. 3. under the preparation conditions shown in Table 5 and the same evaluations were 
applied, the results were satisfactory like that in Example 1. 

Example 5 

55 When electrophotographic light receiving members were prepared in the same manner as in Example 1, 

by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 
process shown in Fig. 3, under the preparation conditions shown in Table 6 and the same evaluations were 
applied, the results were satisfactory like that in Example 1. 
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Example 6 

When electrophotographic light receiving members were prepared in the same manner as in Example 1 
by usmg the production apparatus for electrophotographic light receiving member by the RF glow discharge 
praonsshown m Fig. 3, under the preparation conditions shown in Table 7 and the same evaluations were 
applied.the results were satisfactory like that in Example 1. 

Example 7 

When electrophotographic light receiving members were prepared in the same manner as in Example 1 
by usmg the production apparatus for electrophotographic light receiving member by the RF glow discharge 
process shown in F,g. 3, under the preparation conditions shown in Table 8 and the same evaluations were 
applied, the results were satisfactory like that in Example 1 . 

15 Example 8 

When electrophotographic light receiving members were prepared in the same manner as in Example 1 
by using the product.on apparatus for electrophotographic light receiving member by the RF glow discharge 
process shown in Fig. 3. under the preparation conditions shown in Table 9(A) and (B) and the same evaluations 
were applied, the results were satisfactory like that in Example 1. The results are shown in Table 9(C) The 
fluonne content in Table 9(C) are values obtained by elemental analysis by SIMS. 

Example 9 
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When electrophotographic light receiving members were prepared in the same manner as in Example 1 
by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 

.'llT 3 ' Unde : Preparati ° n COnditions show " in Table 10 and the same evaluations were 

applied, the results were satisfactory like that in Example 1 . 



30 Example 10 



When electrophotographic light receiving members were prepared in the same manner as in Example 1 

pr ° du c Ctl °" a PParatus for electrophotographic light receiving member by the RF glow discharge 

ZnZ t ^ ' Und6r preparation conditions s "°"" in Table 1 1 and the same evaluations were 

applied, the results were satisfactory like that in Example 1 . 

Example 11 

When electrophotographic light receiving members were prepared in the same manner as in Example 1 

nrno!« 1 Pr ° du c C,ion . apparatus «" electrophotographic light receiving member by the RF glow discharge 

TnZ f h 9 - ' preparation c °" ditions sh ™n Table 12 and the same evaluations were 

applied, the results were satisfactory like that in Example 1. 

Example 12 

^ i nH leCtr0Ph K t0 ™ hiQ li9ht receivin S ambers were prepared by forming light receiving layers on aluminum 

%Z£X£5££' 75 diameter 3PPlied mirr ° r - faCe fabriCatiQn - by USin 9 ,he Auction aPPara"us 
Z wnZt n h "9 ht : ece,v ' n 9 by the pWglow discharge process shown in Figs. 4 and 5 under 

Wh P J T CM,0n t S Shown in Tab!e 13 in accordance with the procedures described before specifically 
When the same evaluations as in Example 1 were conducted, satisfactory results were obtained Further 

TJJiT£T^ZT c t T: recei ^ m r bers prepared in Examp,e 12 were ««^^«2S5 

analysis by SIMS, the content of fluonne in the first conductive layer was 40 ppm. 
Example 13 

bv u^no e, ;h!l e n Ctr H Ph | 0tO9raPhiC " 9ht reCeiVinS memberS W6re Prepared in the same ma nner as in Example 1 2. 
Z£Z£~JZ c" aPP3ratUS f ° r electr °P hot °9^phic light receding member by the uW glow discharge 
process as shown m F.gs. 4 and 5. under the preparation conditions shown in Table 14 and evaluated in the 
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same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 
Example 14 

5 When electrophotographic light receiving members were prepared in the same manner as in Example 12, 

by using the production apparatus for electrophotographic light receiving member by the uW glow discharge 
process as shown in Figs. 4 and 5, under the preparation conditions shown in Table 15 and evaluated in the 
same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 

10 Example 15 

When electrophotographic light receiving members were prepared in the same manner as in Example 12, 
by using the production apparatus for electrophotographic light receiving member by the uW glow discharge 
process as shown in Figs. 4 and 5. under the preparation conditions shown in Table 16 and evaluated in the 
15 same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 

Example 16 
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When electrophotographic light receiving members were prepared in the same manner as in Example 12, 
by using the production apparatus for electrophotographic light receiving member by the uW glow discharge 
process as shown in Figs. 4 and 5, under the preparation conditions shown in Table 17 and evaluated in the 
same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 



Example 17 



When electrophotographic light receiving members were prepared in the same manner as in Example 12, 
by using the production apparatus for electrophotographic light receiving member by the uW glow discharge 
process as shown in Figs. 4 and 5, under the preparation conditions shown in Table 18 and evaluated in the 
same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 

Example 18 

When electrophotographic light receiving members were prepared in the same manner as in Example 12, 
by using the production apparatus for electrophotographic light receiving member by the uW glow discharge 

35 process as shown in Figs. 4 and 5, under the preparation conditions shown in Table 19 and evaluated in the 
same manner as in Example 1, satisfactory results like that in Example 1 were obtained. 

Since the electrophotographic light receiving member according to the present invention has a specific 
layer constitution as described above, it can thoroughly overcome the problems in the prior art 
electrophotographic light receiving members constituted by a-Si and the member exhibits extremely excellent 

40 electric characteristics, optical characteristics, photoconductive characteristics, image characteristics, durabi- 
lity and use-environmental characteristics. 

In particular, in the present invention, since the photoconductive layer has a two-layer structure comprising 
a non-SiC and a non-Si layers disposed from the side of the conductive substrate, important functions of the 
electrophotographic light receiving member, that is, generation of photo-carriers and transportation of the thus 

45 generated photo-carriers are shared individually to each of separate layers, so that the degree of freedom for 
the design of the layer can be made greater and the characteristics become more excellent than in a case where 
only one single layer is responsible to both of such functions. Further, since the dielectric constant of the light 
receiving layer can be reduced by incorporating carbon atoms in the photoconductive layer, the static capaci- 
tance per layer thickness can be reduced to provide high chargeability and a remarkable improvement in the 

50 photosensitivity, as well as a high voltage withstand can be improved and the durability is also improved. Then, 
disposition of the photoconductive layer containing carbon atoms on the side of the substrate, adhesion be- 
tween the substrate and the photoconductive layer can be improved to reduce the peeling of the film or occurr- 
ence of the fine minute defects, to thereby improve the yield in the productivity. 

In addition, in the present invention, since the fluorine atoms (F) are incorporated by a very small amount 
55 (from 1 atomic ppm to 95 atomic ppm) at least in the no-SiC photoconductive layer, dangling bonds, for example, 
of the silicon atoms (S) and the carbon atoms (C) can be compensated and, in particular, since coagulation of 
the carbon atoms and/or hydrogen atoms can be suppressed in a case of incorporating the hydrogen atoms 
together with the carbon atoms, a more stable state can be attained in view of the tissue structure. Accordingly, 
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strains in the deposited films can be corrected and, as a result, image characteristics such as appearance of 
minute blank area ( dots ). appearance of coarse image and the like can be improved, making it possible to 
obtain high quality images with a clear half tone and at high resolution power stably and repeatedly. 

5 Example 19 

Electrophotographic light receiving members were prepared on an aluminum cylinder of 108 mm diameter 
applied with mirror face fabrication, by using the production apparatus for electrophotographic light receiving 
member by the RF glow discharge process as shown in Fig. 3, in accordance with the procedures as described 
specifically above, under the preparation conditions shown in Table 20. In this example, the flow rate of C0 2 
(diluted to 500 ppm or 5% with He) and/or SiF 4 (diluted to 1 00 ppm or 1 % with to be introduced upon forming 
the first photoconductive layer was varied so as to change the oxygen content and the fluorine content in the 
first conductive layer. Then, the oxygen content and the fluorine content in the first photoconductive layer were 
determined by SIMC elemental analysis (Cameca IMS-3F). 
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Measurement (I) 



The thus prepared electrophotographic light receiving members were set to a copying machine NP-8550 
manufactured by Canon Inc. and modified as an electrophotographic apparatus for experiment and evaluation 
20 was applied for the electrophotographic characteristics such as the amount of potential shift, sensitivity, white 
dots, coarse image and ghost before the endurance test, as well as the number of occurrence of spherical pro- 
trusions on the surface of the electrophotographic light receiving members. Each of the test times were 
evaluated by the following method. 

25 Measurement for the Number of Spherical Protrusion 

The entire surface area of the thus prepared electrophotographic light receiving members was observed 
by an optical microscope and the number of spherical protrusions with a diameter of greater than 20 u.m was 
examined in an area of 100 cm*. Then, a relative evaluation was conducted as compared with the results 
obtained by the same method for the number of the spherical protrusions of the electrophotographic light receiv- 
ing members prepared using neither CO z nor SiF 4 in the photoconductive layer, while assuming the result for 
the latter as 100. The results are shown in Table 20(B). 



Measurement for Sensitivity-Potential Shift 

Sensitivity : After charging an electrophotographic light receiving member to a surface potential in a dark 
area of 400 V, an optical image was immediately irradiated. As the optical image, a xenone lamp light course 
was used and light after cutting light in a wavelength region of less than 550 nm by using a filter was irradiated 
In this case, the surface potential at a bright area of the electrophotographic light receiving member was 
measured by a surface potential meter and the amount of exposure was controlled such that the surface poten- 
bal at the bright area was at a 50 V potential and the sensitivity was defined as the amount of exposure in this 
case. s 

Potential Shift : an electrophotographic light receiving member was set to an experimental device and 
corona charging was conducted by applying a high voltage of +6 KV to a charger, and the surface potential at 
the dark area of the electrophotographic receiving member was measured by the surface potential member 
Then, the amount of the potential shift was defined as a difference between Vdo for the surface potential in the 
dark area when a voltage was started to be applied to the charger and Vd for the surface potential in the dark 
area after lapse of 2 min. 

For each of the sensitivity and the potential shift, the content of the oxygen in the first photoconductive layer 
was changed while setting the fluorine content at 50 atomic ppm in the first photoconductive layer, and a relative 
evaluation was conducted as compared with the sensitivity and the amount of the potential shift of the 
electrophotographic light receiving member prepared by using none of C0 2 . SiF 4 in the first photoconductive 
layer. 

That is, assuming the sensitivity as (A) and the amount of the potential shift as (B) for the 
electrophotographic light receiving member prepared by using none of S0 2 and SiF<, while assuming the sen- 
sitivity as (C) and the amount of the potential shift as (D) respectively while varying the oxygen content and 
keeping the fluorine content constant at 50 atomic ppm in the first photoconductive layer, each of the following 
relations was plotted relative to the oxygen content. 
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§) X100(%) (B) X100 < % ) 
The results are shown in Figs. 6 and 7. In this case, the sensitivity and the potential shift are more excellent 
as the numerical values are smaller, and it has been found that the sensitivity and the potential shift showed 
5 satisfactory values within the range of the oxygen content from 600 atomic ppm to 1 0,000 ppm in the first photo- 
conductive layer. 

Quite the same results were obtained for each of the sensitivity and the potential shift when the fluorine 
content in the first photoconductive layer was changed within a range of less than 95°atomic ppm. On the other 
hand, it has also been found that the sensitivity becomes lowered if the fluorine content exceeds 95 atomic 
10 ppm. 

Measurement (II): Test After Endurance Use 

The electrophotographic light receiving members prepared as described above were set to a copying 
15 machine NP-8550, manufactured by Canon Inc. and modified as an electrophotographic apparatus for exper- 
iment and an endurance test was conducted for 2,500,000 sheets. Specifically, a test chart manufactured by 
Canon Inc. (Part No.: TC-1) was put on an original platen of the electrophotographic apparatus, and images 
were formed continuously for 2,500,000 cycles for A4 sized paper (canon paper: NP-DRY) under N/N circumst- 
ance (at a temperature of 23°C and a humidity of 60%) with a process speed of 484 mm/sec. 
20 Then, electrophotographic characteristics for the sensitivity and the potential shift were evaluated. 

Measurement for Sensitivity-Potential Shift 

The sensitivity and the amount of potential shift were measured in the same manner as in the Measurement 
25 (I), and the ratio of change for each of them was examined before and after the endurance test. 

(value after endurance - (value before endurance 
test) test) 

x 100 (%) 



30 



(Value before endurance test) 



The results are shown in Figs. 8 and 9. 

Figs. 8 and 9 show the results when the oxygen content in the first photoconductive layer was changed 
while setting the fluorine content constant at 50 atomic ppm in the first photoconductive layer. It can be seen 
35 as in Figs. 8 and 9 that there was less change in the sensitivity and the potential shift due to continuous use, 
within the range of the oxygen content from 600 atomic ppm to 10,000 atomic ppm in the first photoconductivity 
layer. 

Further, quite the same results as above could be obtained for each of the sensitivity and the potential shift 
when the fluorine content in the first photoconductive layer was changed within a range of less than 95 atomic 
40 ppm. On the other hand, it has been found that if the fluorine content exceeds 95^atomic ppm, the sensitivity 
change was increased. 

From the results shown in Tables 2 and 8 and Figs. 6 - 9, it has been experimentally demonstrated that 
setting the fluorine content within a range from 1 to 95 atomic ppm and the oxygen content within a range from 
600 to 1 0,000 atomic ppm in the first photoconductive layer is extremely effective regarding the surface potential 

45 characteristics, image characteristics and durability. 

Further, when a cleaning blade and a separation finger were observed by a microscope on every 200,000 
sheets during accelerated endurance test respectively, it has been found that the cleaning blade was scarcely 
damaged and the abrasion of the separation finger was extremely small in the electrophotographic light receiv- 
ing member according to the present invention. 

so Further, as a result of the examination made to a case in which oval marks were increased for the causes 

of such increase after the endurance test, it has been found that they are attributable to the following two 
reasons. 

1. Spherical protrusions are detached by frictional contact with a cleaning blade or transfer paper. 

2. Paper dusts of transfer paper are deposited on a separation charger and the charger causes abnormal dis- 
ss charge to localize the potential in the light receiving member, thereby inducing insulation breakdown of the film. 

However, none of the two phenomena occurred at all in the electrophotographic light receiving member 
according to the present invention. 

Further, when an endurance test was conducted for 2,500,000 sheets by using regenerated paper in the 
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same manner as in the measurement (II) in this example, no increase for minute blank area was observed in 
the electrophotographic light receiving member according to the present invention. 

Further, when the occurrence of white dots, coarse image and ghost after the endurance use was measured 
by the same procedures as those in Example 1, it has been found that a remarkable improvement could be 
obtained only when the content of the fluorine atoms incorporated -in the first photoconductive layer was set 
w.fh.n a range from 0.5 atomic ppm to 95 atomic ppm based on the silicon atoms as in Example 1. 

Example 20 

Electrophotographic light receiving members were prepared on an aluminum cylinder of 108 mm diameter 
applied w,th m.rror-face fabrication, by using the production apparatus for electrophotographic light receiving 
member by the RF glow d.scharge process as shown in Fig. 3, in accordance with the procedures as described 
above specrfically. under the preparation conditions shown in Table 21. In this experiment, the electric power 
Reduced upon forming the surface layer and the flow rate of H 2 or SiF, were varied so as to change the flow 
rate of the hydrogen atoms and the flow rate of the fluorine atoms incorporated into the surface layer 

The electrophotographic light receiving members thus prepared were set to a copying machine NP-8550 

rZ 1 V ^ m ° dified int ° 3 P hot °9 ra P hic apparatus for experiment and evaluation was 

conducted for three items, that is, residual potential, sensitivity and image flow by the methods shown below 
*nn v h ,T ' electrophotographic light receiving member was charged to a surface potential of 
»cl f h * f are f: and a " ° ptiCal image was irradia *° hereon after 0.2 sec. Axenon lamp light source was 
used as the optical image and light after cutting light in a wavelength region of less than 550 nm by using a 

I ZZ a t 7 k I"? d ° eS ° f ' UX SeC - thiS CaSe ' the Surface P° tential in the bright area of the 
electrophotograph.c l.ght receding member was measured by the surface potential meter. The results are 
snown in I able 22. 

Sensitivity: An electrophotographic light receiving member was charged to the surface potential of 400 V 
ma dark area Jmmediately. an optical image was irradiated. A xenon lamp light source was used as the optical 
mage and hght after cutt.ng light in a wavelength region of less than 550 nm by using the filter was irradiated 
™« Th' T SU T B POten,ia ' 3 bn ' 9ht 3rea ° f thS ^^photographic light receiving member was 

Tn Z T ^ POtent ' al metSr - eXP "° SUre am ° Unt WaS ad j USted sucn that the ^ace Pintle, 

m the bnght area was at a potential of 50 V, and the sensitivity was defined by the exposure amount in this 
case. The results are shown in Table 22. 

whiff hllf" 9 : J n * art J™""'**^ ^ Canon Inc. comprising letters printed on the entire surface of a 
wh.te background (part No. F.-9058) was placed on an original platen and light was irradiated at a dose of 1 5 
hjx.sec to reproduce copies. Resultant copy images were observed and evaluated as to whether fine lines on 
the .mages were continuous or not .f there was unevenness on the images, evaluation was made regarding 
trie entire image region and the results were shown for the worst portion. The results are shown in Table 22 
ml AS appare " 1 fr0m Tab,e 22 ' il nas been found that satisfactory results were obtained both for the residual 
EZH h? n K ,he H SenS, ' ,Vlty and - further - the ima 9e under the intense exposure could be suppressed 
remarkably by setting the sum of the hydrogen content and the fluorine content in the surface layer within a 
range of 30 to 70 atomic % and the content of the fluorine within a range of less than 20 atomic %. 

Example 21 

Light receiving layers were formed on an aluminum cylinder of 1 08 mm diameter applied with mirror-face 
fin.sh.ng. by us.ng the production apparatus for electrophotographic light receiving member by the RF glow dis- 
charge process as shown in Fig. 3. in accordance with the procedures as described above specifically under 
Ictronh^ h* ^ r rtions shown in Table 23(A) and (8). to prepare specimen Nos. 36 - 44 o 
electrophotographic light receiving members. 

F^TZT^ COnduCted forthe occurrence of "spherical protrusions" in the same procedures as in 
Example 1 9 for the specimens No. 36 - 44. The results are shown in Table 23. 

Example 22 

h„ „^?h eleCtr H Ph ° ,09raphiC " 9ht reCeivi " 9 memberS were prepared in same manner as in Example 21 
by us.ng the production apparatus for electrophotographic light receiving member by the RF glow discharqe 
process as shown ,n Fig. 3, under the preparation conditions shown in Table 24 (A) and (B) and the same evalu- 
ations were conducted, the results were satisfactory .ike that in Example 21. The results are shown in TaWe 



24 (C). 
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Example 23 

When electrophotographic light receiving members were prepared in the same manner as in Example 21 . 
by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 
5 process as shown in Fig. 3, under the preparation conditions shown in Table 25 and the same evaluations were 
conducted, the results, were satisfactory like that in Example 21. 

n o 

Example 24 

10 When electrophotographic light receiving members were prepared in the same manner as in Example 21 , 

by using the production apparatus for electrophotographic light receiving member by RF glow discharge pro- 
cess as shown in Fig. 3, under the preparation conditions shown in Table 26 (A) and (B) and the same evalu- 
ations were conducted, the results were satisfactory like that in Example 21. The results are shown in Table 
26 (C). 

15 

Example 25 

When electrophotographic light receiving members were prepared in the same manner as in Example 21 , 
by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 
20 process as shown in Fig. 3, under the preparation conditions shown in Table 27 and the same evaluations were 
conducted, the results were satisfactory like that in Example 21. 

Example 26 

25 When electrophotographic light receiving members were prepared in the same manner as in Example 21 , 

by using the production apparatus for electrophotographic light receiving member by the RF glow discharge 
process as shown in Fig. 3, under the preparation conditions shown in Table 28 and the same evaluations were 
conducted, the results were satisfactory like that in Example 21. 

30 Example 27 

Electrophotographic light receiving members were prepared in the same manner as in Example 21, by 
using the production apparatus for electrophotographic light receiving member by the RF glow discharge pro- 
cess as shown in Fig. 3, under the preparation conditions shown in Table 29. When the durability of the thus 
35 prepared electrophotographic light receiving members was evaluated by using a copying machine NP-8550, 
manufactured by Canon Inc. and modified into a negatively charging constitution, satisfactory results like that 
in Example 21 were obtained. 

Example 28 

40 

Electrophotographic light receiving members were prepared by forming light receiving layers on aluminum 
cylinders each of 108 mm diameter applied with mirror-face fabrication, by using the production apparatus for 
electrophotographic light receiving member, by the p,W glow discharge process as shown in Figs. 4 and 5, in 
accordance with the procedures as described above specifically, under the preparation conditions shown in 
45 Table 30. When the same evaluation as in Example 21 was conducted, satisfactory results could be obtained. 

As a result of the elemental analysis conducted by SIMC (Cameca 1MS-3F) for the electrophotographic 
light receiving members prepared in Example 28, the fluorine content was 50 ppm and the oxygen content was 
800 atomic ppm in the first photoconductive layer. 

50 Example 29 

When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
by using the production apparatus for electrophotographic light receiving member by the pW glow discharge 
process shown in Figs. 4 and 5, under the preparation conditions shown in Table 31 and the same evaluation 
55 as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 
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Example 30 



When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
by using the production apparatus for electrophotographic light receiving member by the u.W glow discharge 
process shown in Figs. 4 and 5, under the preparation conditions shown in Table 32 and the same evaluation 
as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 0 



Example 31 



When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
by using the production apparatus for electrophotographic light receiving member by the u.W glow discharge 
process shown in Figs. 4 and 5, under the preparation conditions shown in Table 33 and the same evaluation 
as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 

15 Example 32 

When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
by using the production apparatus for electrophotographic light receiving member by the u.W glow discharge 
process shown in Figs. 4 and 5, and under the preparation conditions shown in Table 34 and the same evatu- 
20 ation as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 

Example 33 

When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
25 by using the production apparatus for electrophotographic light receiving member by the u.W glow discharge 
process shown in Figs. 4 and 5. under the preparation conditions shown in Table 34 and the same evaluation 
as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 



Example 34 



When electrophotographic light receiving members were prepared in the same manner as in Example 28, 
by using the production apparatus for electrophotographic light receiving member by the u.W glow discharge 
process shown in Figs. 4 and 5, under the preparation conditions shown in Table 35 and the same evaluation 
as in Example 21 was conducted, satisfactory results like those in Example 21 were obtained. 

35 Since the light receiving member according to the present invention has a specific layer structure as des- 

cribed above, it can overcome all of the problems in the prior art electrophotographic light receiving members 
constituted with A-Si and exhibits extremely excellent electric characteristics, optical characteristics, photocon- 
ductive characteristics, image characteristics, endurance and use-environmental characteristics. 

In particular, in the present invention, since the photoconductive layer has a two-layer structure comprising 

40 a non-SIC and a non-Si layers disposed from the side of the conductive substrate, important functions of the 
electrophotographic light receiving member, that is, generation of photo-carriers and transportation of the thus 
generated photo-carriers are shared individually to each of separate layers, so that the degree of freedom for 
the design of the layer can be made greater and the characteristics become more excellent than in a case where 
only one single layer is responsible to both of such functions. Further, since the dielectric constant of the light 

45 receiving layer can be reduced by incorporating carbon atoms in the photoconductive layer, the static capaci- 
tance per layer thickness can be reduced to provide high chargeability and a remarkable improvement in the 
photosensitivity, as well as a high voltage withstand can be improved and the durability is also improved. Then, 
disposition of the photoconductive layer containing carbon atoms on the side of the substrate, adhesion be- 
tween the substrate and the photoconductive layer can be improved to reduce the peeling of the film oroccurr- 

50 ence of the fine minute defects, to thereby improve the yield in the productivity. 

In addition, in the present invention, strains in the deposited films can be moderated to suppress the occurr- 
ence of structural defects in the film, as well as decrease the occurrence of abnormal growth due to the syner- 
gistic effect obtained by incorporating fluorine atoms (F) in a small amount (from 1 to 95 atomic ppm based on 
silicon atom) and, further, by incorporating oxygen atoms (O) within a range from 600 to 1000 atoms based on 

55 silicon atoms at least in the non-SiC photoconductive layer. 

As a result, remarkable improvement can be attained, in particular, for the image characteristics, for 
example, appearance of minute blank area, appearance of coarse image and appearance of ghost described 
above, as well as the durability can be improved drastically while maintaining such excellent characteristics in 
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the electrophotographic process. 

Further, the surface layer in the present invention can improve the mechanical strength or the electric volt- 
age withstand, can effectively inhibit the injection of charges from the surface upon undergoing a charging treat- 
ment, so that the chargeability, use-environmental characteristics, durability and electric voltage withstand can 
be improved. Further, since the light absorption in the surface layer is reduced, the sensitivity can be improved 
and, since the accumulation of carriers between the photoconductive layer and the surface layer is reduced, 
the image flow can be suppressed-while maintaining a high chargeability. 

In particular, in the present invention, the durability can be improved outstandingly while maintaining the 
electrical characteristics of the light receiving member at a high level, by setting the range of the oxygen content 
in A-SiC to the above mentioned range. That is, since the strains of the film can effectively be moderated and 
the film adhesion can be improved, the extent of spherical growth defect can be reduced outstandingly, so that 
the damages given to the cleaning blade or the separation finger are reduced even after continuous formation 
of images in a great amount, to make the cleaning performance and the separability of the transfer paper satis- 
factory. Accordingly, the durability as the image-forming device can be improved remarkably. 

Further, since the high voltage withstand can also be improved, occurrence of leak dots caused by the insu- 
lation breakdown to a part of the light receiving member is further retarted. 



Table 1 (A) 



name of layer 


gas & its flow rate 


RF power 


inner 
pressure 
(Torr) 


substrate 
temperature 
(°C) 


layer 
thickness 
(.U m) 


first 

photoconductive 
layer 


SiH< 500 
CH, 100 
SiF,/H 2 ^ 


500 


0.5 


250 


20 


second 

photoconductive 
layer 


SiH 500 


500 


0.5 


250 


3 


surface layer 


SiKU 30 

en, 500 


300 


0.3 


250 


0.5 



Note : ^ is shown in Table 1 (B) 
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Table 1 (B) 



Sample No. 


1 " . 


2 


3 


- 4 


5 


6 


7 


8 


9 


10 


11° 


flow rate of 
SiF</H, (seem) 


0 


12.5 


25 


50 


125 


250 


5 


12.5 


23.8 


25 


125 






SiF«/H, = 


= lOOppm 




SiF«/H, = 


1 % 





Table 2 



Sample Nq 


1 


2 


3 


4 


5 


6 


7 


8 


g 


10 

i. V 


1 1 

1 1 


content of fluo 
first photocond 
. ( atomic pp 


rine in the 
uctive layer 
)m) 


0 


0.5 


1 


2 


5 


10 


20 


50 


95 


100 


500 


initial image 


dots 


A 


A 


O 


o 


® 


© 


© 


© 


© 


® 


© 


coarse image 


O 


O 


O 


o 


© 


© 




© 


© 


® 




ghost 


© 


® 


© 


® 




© 


© 


© 


© 


A 


A 


image after 
copying shots 


dots 


X 


A 


o 


o 


© 


© 


© 


O 


A 


X 


X 


coarse image 


X 


A 


o 


o 


© 


© 


© 


© 


O 


X 


X 


ghost 


O 


O 


o 


o 


© 


© 


© 


© 


o 


X 


X 
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Table 3 (A) 



name of layer 


gas & its flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
<Torr) 


substrate 
temperature 
CC) 


layer 
thickness 
(At m) 


first 

photoconductive 
layer 


SiH, 300 
Hz 500 
CR, 100 
SiF</He 


500 


0.4 


250 


20 


second 

photoconductive 
layer 


SiH, 300 
H 2 300 


300 


0.4 


250 


3 


surface layer 


SiFL 50 

en, 500 


150 


0.3 


250 


0.5 



Note : is shown in Table 3 (B) 



Table 3 (B) 



Sample No. 


12 


13 


14 


15 


16 


17 


18 


19 


flow rate of 
SiF«/He (seem) 


0 


7.5 


15 


4.5 


7.5 


14.3 


15 


75 




SiF 4/ /He = 
lOOppm 


SiF 4 /He = 1 % 
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Table 3 (C) 



5 


n 

Sample Nq 


12 


13 


o 

14 


15 


16 


17 


18 


19 


10 






















15 


conLeni 01 nuorine 1 
photoconductive laye 
(atomic ppm) 


n the first 
r 


0 


0.5 


1 


30 


50 


95 


100 


500 


20 




dots 


A 


A 


O 


© 


@ 


© 


© 


® 


25 


initial image 


coarse 
image 


O 


O . 


o 




© 


© 


© 


© 






ghost 


® 


© 


® 




© 


© 


o 


A 


30 




dots 


X 


A 


o 


© 


o 


A 


X 


X 


35 


image after copying 
shots 


coarse 
image 


X 


A 


o 


© 


© 


O 


X 


x . 


40 




ghost 


O 


O 


O 


© 


© 


O 


X 


X 



45 



50 



55 
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Table 4 (A) 



name of layer 


gas & its flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 

ro 


layer 
thickness 
(u m) 


first 

photoconductive 
layer 


SiH. 300 
H, 500 
CH, 70 
SiF</He * 


500 


0.4 


250 


20 


second 

photoconductive 
layer 


SiH, 300 


300 


0.4 


250 


3 


surface layer 


SiH, 30 
NH, 300 


200 


0.3 


250 


0.5 



Note : is shown in Table 4 (B) 



Table 4 (B) 



Sample No. 


20 


21 


22 


23 


24 


25 


26 


27 


flow rate of 
SiFi/He (seem) 


0 


75 


15 


4.5 


7.5 


14.3 


15 


75 




SiF</H, = 
lOOppm 


SiF,/He = 1 % 
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Table 4 (C) 



5 


Sample Na ° 


20 


21 


22 


23 


29 


25 


26 


27 


10 


content of fluorine in 


the first 




















photoconductive layer 




o 


0 5 


1 






yo 


lUO 


500 




(atomic ppm) 




















15 






























dots 


A 


A 


® 


© 


© 


© 


© 


® 


20 
















































initial image 




coarse 
image 


O 


O 


O 


© 


© 


© 


® 


© 


25 






























ghost 


® 


® 


® 


© 


.© 


© 


O 


A 


30 




dots 


X 


A 


O 


© 


o 


A 


X 


X 


35 


image after copying 
shots 


coarse 
image 


X 


A 


o 




© 


O 


X 


X 








ghost 


O 


O 


o 




© 


O 


X 


X 


40 

























45 



50 



55 
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Table 5 



name of layer 

o 


gas & its flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
CE) 


layer 
thickness 
(iti'm) 


first 

photoconductive 
layer 


SiH 4 200 
H 2 500 
CH< 100 
SiF< 60ppm 
(against SiPi.) 


200 


0.4 


300 


20 


second 

photoconductive 
layer 


SifL 300 
H 2 300 


300 


0.4 


250 


3 


surface layer 


Sifi, 30 
NO 100 


300 


0.3 


250 


0.5 



35 



40 



45 



50 



55 
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Table 6 



name of layer 


gas & its flow rate 
(seem) 


: RF power 
(W) 


inn^r 
pressure 
(Torr) 


substrate 
temperature 
(°C) 


layer 
thickness 
(u m) 


first 

photoconductive 
layer 


SiH, 300 
H 2 500 
CH« 100 
SiF. 80ppm 
(against Sift,) 


500 


0.4 


250 


20 


second 

photoconductive 
layer 


SirL 300 
H 2 300 


300 


0.4 


250 


3 


surface layer 


SirL 30 
co 2 100 
NrL 100 


200 


0.3 


250 


0.5 
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Table 7 



5 














o 


name of layer 


gas o& its flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 


layer 
thickness 
(// m) 


10 
















first 

photoconductive 


SiH« 300 


500 


0.5 


250 


20 




layer 


H 2 500 










15 




CH, 100 
bir 4 50ppm 










20 




(against SiHJ 
BzH« 5ppm 










25 




(against SiK.) 












photoconductive 


SiH, 300 


300 


0.4 


250 


3 


30 


layer 


H 2 300 
tferu 1 .oppm 










35 




( against SiH.) 












surface layer 


SiH, 50 


150 


0.3 


250 


0.5 


40 




CrL 500 











45 



50 



55 
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Table 8 



name of layer 


gas & its flow orate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
(°C) 


layer 
thickness 
(v m) 


first 

photoconductive 
layer 


SiH 4 300 
H 2 500 
CH« 100 
SiF 4 70ppm 
( against SiHJ 
BJt Spprn 
(.against SiHO 


300 


0.5 


250 


20 


second 

photoconductive 
layer 


SiH, 300 
H 2 300 
SiF« 50ppm 
( against SiHJ 
BJL 2ppm 
( against SiHu) 


300 


0.4 


250 


3 


surface layer 


SiH, 50 
CYL 500 
SiF< 10 


200 


0.3 


250 


0.5 
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Table 9 (A) 



5 














o 


nanje of layer 


gas & its flow rate 
(seem) 


RF power 
(W) 


.inner 
pressure 
^ 1 orr; 


substrate 
temperature 


layer 
thickness 
km m) 


10 
















first 


SiH, 150 


200 


0.3 


250 


2 




pho toco n d u c t i ve 


pTj crr\ 










15 


layer 


B 2 Hs 2000ppm 
(.against SiHJ 










20 
















first 


SiH, 300 


700 


0.5 


250 


25 


25 


photoconductive 
layer 


H 2 1000 
CH< 100 










30 




SiF«/He 

BJrU 7ppm 
(.against SiHJ 










35 


second 

photoconductive 
layer 


SiF< 200 

h, son 


500 


0.4 


250 


2 


40 




B 2 H6 Ippm 
( against SiK,) 












surface layer 


S1H4 50 


200 


0.3 


250 


0.5 


45 




CH< 600 











Note : is shown in Table 9 (B) 

50 



55 
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Table 9 (B) 



Sample cNa 


28 


29 


30 


31 


" "32 


-33" • 


34 


35 


flow rate of SiF«/H 2 
(seem) 


0 


6.8 


13.5 


4 


6.8 


12.8 


13.5 


67.5 




SiF,/He = lOOppm 


SiF^ 


'He - 1 


% 





25 



30 



35 



40 



45 



50 



55 
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Table 9 (C) 



5 


Sample Na 


28 


29 


30 

o 


31 


32 


33 


34 


35 


10 


content of fluorine in the first 
photoconductive layer 


0 


0.5 


1 


30 


50 


95 


100 


500 




(atomic ppm) 




















15 






















20 




dots 


A 


A 


© 


® 


© 


© 


© 


© 
























initial image 


coarse 
image 


O 


O 


O 


© 


© 


© 


© 


© 


25 

• 




ghost 


® 


® 


© 




© 


© 


o 


A 


30 




dots 


X 


A 


o 


® 


O 


A 


X 


X 


35 


image after copying 
shots 


coarse 
image 


X 


A 


o 




© 


O 


X 


X 






ghost 


O 


O 


o 


© 


© 


O 


X 


X 


40 























45 



50 



55 
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Table 10 



name of layer 


gas & its flow rat 
(seem) 


sRF. powe 
(W) 


inner 

r 

pressure 
(Torr) 


substrate 
temperature 
CC) 


- „layer 
; thickness 
m) 


charge injectior 
inhibition layer 


i SiH, 200 
CH4 50 
H 2 500 
NO 5 
SiF 4 80ppm 
(.against SiH<) 
B 2 H* 2000ppm 
(against SiH<) 


300 


0.4 


250 


2 


first 

photoconductive 
layer 


SiK, 500 
H 2 1000 
CH, 100 
SiF 4 80ppm 
(against SiH<) 
B 2 Hc 10— >lppm 
( against SirD 

(being decreased 
at a constant rate) 


1000 


0.4 


250 


20 


second 

photoconductive 
layer 


SiK, 500 
H 2 500 
oir 4 80ppm 
(against SiH,) 
BaH, lppm 
(against SiH,) 


500 


0.4 


250 


3 j 


surface layer 


SiH« 50 
CH. 200 
NO 50 


300 


0.3 


250 


0.5 
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Table 11 



name of layer 


gas & its flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
(X) 


layer 
thickness 
(/i-nj) 


charge injection 
inhibition layer 


Silt, 300 
CH: 50 
H* 1000 
SiF, 50ppm 
(against SiH,) 
B 2 He 3000ppm 
( against SiH) 


700 


0.5 


300 


5 


first 

photoconductive 

lay ci 


SiH, 300 
H 2 1500 
Crffc 50 
SiF« 50ppm 
( against SiR,) 
BJHa 6ppm 
(against SiH,) 


700 


0.5 


300 


25 


second 

photoconductive 
layer 


SiH. 300 
H* 300 
B2H3 2ppm 
(against SiH,) 


300 


0.4 


300 


5 


surface layer 


SiH< 50 
CH, 500 


200 


0.4 


300 


0.5 



50 



55 
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Table 12 



name of ° layer 


gas & its flow rate 
(seem) 


iRF powei 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
(X) 


layer 
■ thickness 
(u m) 


charge injection 
inhibition layer 


SiHL, 200 
CH< 50 
H 2 500 
SiF. 70ppm 
(. against SiHJ 
PH* lOOOppm 
(-against SiHJ 


300 


0.4 


250 


3 


first 

photoconductive 
layer 


SiH, 300 
H 2 1000 
CH< 50 
SiF< SOpprn 
(.against SiH«) 
PHa 0.5pprn 
(.against SiEU) 


500 


0.4 


250 


20 


second 

photocondutive 
layer 


SiH, 300 
H 2 300 
SiF< 30ppm 
(. gainst SiHJ 


300 


0.4 


250 


2 


surface layer 


SiH< 50 
CH< 300 
SiF 4 80 
NO 5 


200 


0.3 


250 


0.5 
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Table 13 



5 


name of layer 


jas a lis now 
rate (seem) 


l± W 
power 
(W) 


bias 
voltage 
(V) 


inner 
pressure 
(mTorr) 


substrate 
temperature 
(°C) 


layer 
thickness 
(p. m) 


10 


'first 

photoconductive 
layer 


Sift 500 
Cft 100 
H 2 1500 


1200 


50 


" to 


300 


25 


15 




He 1000 
SiF< lOOppm 
(against Sift) 












20 




Bzft 5ppm 
(against Sift) 












25 
30 


second 

photoconductive 
layer 


Sift 300 
He 2000 
SiF< 50ppm 
(against Sift) 
Rft 3ppm 


1200 


50 


7 


300 


5 


35 




(against Sift) 












40 


surface layer 


Sift 70 
Cft 500 


1000 


70 


5 


300 


0.5 



45 



50 



55 
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Table 14 



5 

o 


name of layer 


gas & its flow 
rate (seem) 


uVf 
power 
(W) 


bias 
voltage 
(V) 


inner 
; pressure 
(mTorr) 


substrate 
temperature 


layer 
thickness 
(u m) 




charge injection 


SiH, 500 


1000 


60 




Oca 


3 


10 


inhibition layer 


CH, 100 
H 2 1000 












15 




He 1000 
SiF, 50ppm 
(against SirL) 












20 




B 2 Hs 500ppm 
(against SiH.) 












25 


first 

photoconductive 
layer 


SiH. 300 
CH, 30 
H 2 1500 


1000 


50 


10 


350 


25 


30 




He 2000 
SiF 4 50ppm 












35 




(against SiH,) 
B2H6 5ppm 












40 




(against SiH.) 














second 


SiHu 300 


1000 


50 


in 


00U 


5 


45 


photoconductive 

ldjr Ci 


H 2 500 
SiF« 50ppm 
(against SiH,) 












50 


surface layer 


SiH, 100 
CH« 500 


1000 


80 


7 


350 


0.5 


55 




SiF, 50 













40 
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Table 15 



5 


name of layer 


gas & its flow 
rate (seem) 


u w 
power 

K W J 


bias 
voltage 

IV J 


inner 
pressure 
(.m 1 orr,) 


substrate 
temperature 
( C) 


layer 
thickness 
in m) 


10 


o 

charge injection 
inhibition layer 


SiH< 500 
CEU 100 
H 2 1000 
He 1000 


.1000 


60 


10 


350 


3 


15 




SiF 4 50ppm 
(against SirL,) 












20 




B 2 Hfl 500ppm 
(against SiHJ 












25 


first 

photoconductive 
layer 


SirL 300 
CH, 30 
H 2 1500 


1000 


50 


10 


350 


25 


30 




He 2000 
SiF« 50ppm 
(against SiK.) 












35 




B 2 Hs 5ppm 
(against SiK,) 












AO 


second 

photoconductive 
layer 


SirL 300 
H 2 500 
SlF 4 50ppm 


1000 


50 


10 


350 


5 


45 




(against SirL) 












50 


surface layer 


SirL 100 
CrL 300 
NO 100 
SiF, 50 


1000 


70 


7 


350 


0.5 



55 
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Table 16 



5 


name of layer 


gas & its flow 
rate £sccm) 


PL W 

power 
• (W) 


bias 
voltage 
(V) 


inner 
• pressure 
(mTorr) 


substrate 
temperature 

° CO 


layer 
thickness 

0 

(u m) 


10 


charge injection 
inhibition layer 


SiH, 400 
CH, 100 
H 2 1500 
He 


1000 


50 


10 


350 


3 


15 




SiF 4 80ppm 
(against SiH«) 












20 




B 2 H* lOOOppm 
(against SiH.) 












25 


first 


SiH, 300 


1000 


50 


7 


350 


25 


photoconductive 
layer 


CH. 50 
H 2 2000 












30 




He 1000 
SiF< 80ppm 












35 




(against SiH,) 
B 2 H« lOpprn 
(against SiR,) 












40 


second 


SiHU 300 


1000 


50 


10 


350 


3 


45 


photoconductive 
layer 


SiF 4 80ppm 

B2H1 1 ppm 
(against SiHJ 












50 


surface layer 


SiFL, 50 
CH, 300 


1000 


100 


5 


350 


0.5 


55 




SiF« 50 
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Table 17 



5 


name of layer 


gas & its flow 
rate (seem) 


fx W 
power 


bias 
voltage 

\ V ) 


inner 
pressure 
\m 1 orr) 


substrate 
temperature 

/Op \ 

( C) 


layer 
thickness 
(Mm) 


o 

10 


charge injection 
inhibition layer 


Silt 400 
CH. 100 
H 2 1500 
He 


1000 


50 . 


10 

o 


' -350 


3 


15 




SLF\ 80ppm 
(against SiHj 












20 




BjFL IOOOdditi 
(against SiH,) 














first 


SiH, 300 


1000 


50 


7 


350 


25 


25 


photoconductive 
layer 


CH< 50 
H 2 2000 












30 




He 1000 
SiF« 80ppm 
(against SiH.) 












35 




BJt lOppm 
(against SiH») 












40 


second 

photoconductive 
layer 


SiH, 300 
BJt lppm 
(against SiR.) 


1000 


50 


10 


350 


5 


45 




He 2000 












50 


surface layer 


SiH. 50 
CR, 300 
SiF, 50 
He 2000 


1000 


100 


5 


350 


0.5 



55 



43 
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Table 18 



5 


name 


of 


layer 


gas & its flow 
rate Csecm) 


p. W 
power 
(W) 


bias 

Vol fa erf 
v\ji Lags. 

(V) 


inner 
, pressure 
(mTorr) 


substrate 
teniperature 
(°C) 


layer 
thickness, 
(u m) 


10 


charge injection 
inhibition layer 


SiR 
CR 


400 
200 


1000 


60 


10 


350 


3 










H 2 


1000 












15 








He 
SiF, 


2000 
lOOppm 




















(against SiR) 












20 








B 2 H, 


500ppm 




















(against SiR) 












25 


first 

photoconductive 
layer 


SiR 
CR 
H 2 


300 
50 
1500 


1000 


60 


9 


350 


25 


30 








He 
SiF« 


2000 
LOOppm 












35 








(against SiR) 
BjH« 6ppm 
(against SiR) 












40 
45 


second 

photoconductive 
layer 


SiR 300 
B^R 2ppm 
(against SiR,) 
He 3500 


900 


60 


10 


350 


7 


50 


surface 


layer 


SiR 
CR 


90 
500 


900 


100 


10 


350 


0.5 










SiF, 


30 












55 








He 


3500 













44 
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Table 19 



5 


name of layer * 


jas & its flow rate 
(seem) 


ix W 
power 


bias 
voltage 


inner 
pressure 


substrate 
temperature 


layer 
thickness 






(W) 


(V) 


(mTorr) 


CO 


in in) 


o 


charge injection 
inhibition layer 


SirL 400 

ca 200 


900 


60 


' « 10 


350 


3 


10 




H 3 1000 
He 2000 
SLF* lOOppm 
(against SirL,) 












15 




BJrU 500ppm 
(against SirL,) 
NO 300ppm 












20 




(against SiEU) 












first 

photoconductive 
layer 


SirL 300 
CH, 50 
H 2 1500 


900 


60 


9 


350 


25 


25 




He 2000 
SiF< lOOppm 
(against SirL,) 
B 2 H« 6ppm 












30 




(against SirL) 
NO 300ppm 
(against SiPL) 














second 


SirL 300 


900 


60 


10 


350 


7 


35 


photoconductive 
layer 


BJH* 2ppm 
(against SiH,) 
He 3500 
NO lOOppm 












40 




(against SiH,) 














surface layer 


SirL 90 
CrL 500 


900 


100 


10 


350 


0.5 


45 




SiF 4 30 
He 3500 
NO 300ppm 
(against SiH,) 













50 



55 



45 
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Table 20 (A) 



-name of layer 


gas & its flow rate 
(seem) 


RF power 

o 

(W) 


inner 
(Torr) 


substrate 
tempeFa t ure 


layer 
thickness 
(u m) 


first 

JJli\J uUCUIICIIIClI ve 

layer 


SiH< 500 
CJt 100 

COz/He . ^ 


500 


0.5 


250 


20 


second 

photoconductive 
layer 


Sifi, 500 


500 


0.5 


250 


3 


surface layer 


SiH, 30 
CH, 500 


300 


0.3 


250 


0.5 



Note : is shown in Table 20 (B) 
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Table 20 (B) (extent of sperical growth defect) 



5 


content of fluorine 
atomic ppm) 




























0 


0.5 


1 


2 


5 


10 


20 


50 


95 


100 


500 


10 


content of oxygen 
( ataric ppm) 


























0 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


15 


100 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 




300 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


20 


500 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 




600 


A 


O 


O . 


O 


O 


O 


O 


O 


O 


A 


A 


25 


800 


A 


O 


O 


O 


O 


O 


® 


O 


O 


A 


A 




1000 


A 


O 


O 


O 


O 


® 


® 


O 


O 


A 


A 


30 


3000 


A 


O 


O 


O 


O 


© 


® 


O 


O 


A 


A 




5000 


A 


O 


O 


O 


® 


® 


® 


O 


O 


A 


A 


35 


9000 


A 


O 


O 


O 


O 


O 


® 


O 


O 


A 


A 




























10000 


A 


O 


O 


O 


O 


O 


O 


O 


O 


A 


A 




11000 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


40 


12000 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 



© : less than 60%, excellent image reproduction 
O : from 80 to 60 % T good image reproduction 
45 A : from 100 to 80%, unacceptable image reproduction 



50 



55 



47 



8NSDOCID <EP 04S44SSA1 I > 



EP 0 454 456 A1 



Table 21 



name of layer 


gas & its^ flow rate 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 


layer 
thickness 
(Mm) 


1 11 oL 

photoconductive 
layer 


oirh oUO 
CH. 100 
SiF« 50ppm 
v qgainst oirU 
C0 2 800ppm 
C against SiPL) 


500 


0.5 


250 


20 


second 

photoconductive 
layer 


SiH* 500 


500 


0.5 


250 


3 


surface layer 


Sift 30 

CH, 500 

H 2 

SiF< 




0.3 


250 


0.5 
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Table 22 



c 


content of 












































hydrogen- o 
(atonic %) o 




11 






21 






30 






48 




o 


61 




70 


76 


10 


content of fluorine 
(atomic %) 


0 


18 


24 


0 


15 


23 


0 


9 


18 


23 


0 






23 


0 


8 


12 




A 


0 


15 


sum of the 










































contents for 












































hydrogen and 
fluorine 


11 


29 


35 


21 


36 


44 


30 


39 


48 


53 


48 


59 


67 


71 


61 


69 


73 


70 


74 


76 


20 


(atomic %) 






















































































sensitivity 


A 


A 


O 


A 


O 


O 


O 


o 


O 


O 


O 


O 


O 


A 


O 


O 


A 


O 


A 


A 


25 














































residual potential 


A 


A 


A 


A 


O 


A 


O 


O 


O 


A 


o 


O 


O 


A 


O 


o 


A 


O 


O 


A 


30 












































35 


smeared image 


O 


© 


© 


O 


© 


© 


O 


© 


© 


© 


o 


® 


© 


© 


O 


© 


© 


o 


© 


O 


40 


total evalution 


A 


A 


A 


A 




A 


O 


© 


© 


A 


o 


® 


© 


A 


O 


© 


A 


o 


A 


A 



® : excellent 
O : good 

A : practically acceptable 



50 



55 
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Table 23 (A) 



5 


name of -l§yer 


gas & its flow rate 
°(sccm) . 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 


layer 
thickness 
(xi m) 


10 


first 

photoconductive 
layer 


ii2 OUU 

CH< 100 


500 


0.4 


250 


20 


15 




SiF«/He 
C0,/He ^ 










20 
















second 

photoconductive 


OlXTu oUU 


oUU 






3 




layer 


H 2 300 










25 
















surface layer 


SirL, 50 
CH« 500 


150 


0.3 


250 


0.5 


30 




SiF. 10 











Note : %i is shown in Table 23 (B) 



35 



Table 23 (B) 



40 


Sample No. 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


flow rate of SiF, 
(seem) 


0 


0 


13.5 


6.8 


13.5 


6.8 


12.8 


12.8 


13.5 


50 


flow rate of CO a 
(seem) 


0 


72 


0 


72 


60 


60 


120 


132 


120 






SiF 4 /He = lOOppm 


SiF</He = 1 1 


Vo 


55 




C0 2 /He = 


= SOOOppm 




COz/He = 


5% 





OMcrwin .cd 
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Table 23 (C) 



5 


Sample Na 


36 


37 


38 


39 


40 


41 


42 


43 


44 


10 


content of fluorine in the 
first photoconductive 
jdyei ( atomic PPnru 


0 


o 

0 


10 


0.5 


10 


50 


95 


95 


100 


15 


content of oxygen in the 
first photoconductive 
layer (atomic ppm) 


0 


600 


0 . 


600 


5000 


5000 


10000 


11000 


10000 




extent of sperical growth 
defect 


A 


A 


A 


O 




® 


O 


A 


A 



20 <§) : excellent 

O : good 
A : unacceptable 

25 



30 



35 



4Q 



45 



SO 



55 



51 
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Table 24 (A) 



5 

o 


name of layer 


gas & its flow rate 
(seem) 


5 RF powei 
(W) 


inner 
pressure 
(Torr) 


substrate 
femperature 
(T) 


layer 
thickness 
( u m) 


10 


first 

photoconductive 
layer 


SiH< 300 
H 2 500 
CFL 100 


500 


0.5 


250 


20 


15 




SiF,/He 

BzH« 5pprn 










20 




(against SiHJ 
C0 2 /He m 










25 


second 

photoconductive 
layer 


SirL 300 
H 2 300 
B 2 H6 1.5ppm 
(.against SirL) 


300 


0.4 


250 


3 


30 


surface layer 


SiH. 50 
CH« 500 
H 2 50 


150 


0.3 


250 


0.5 


35 




CF, 5 
( against SiHj 











40 Note : ^ is shown in Table 24 (B) 



45 



50 



55 
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Table 24 (B) 



5 


Sample Na 


45 


46 


47 

o 


48 


49 


50 


51 


52 


53 




flow- 


rate of SiF«/He 
















o 




10 




(seem) 


0 


0 


13.5 


6.8 


13.5 


6.8 


12.8 


12.8 


13.5 




flow 


rate of C0 2 /He 




















15 




(seem) 


0 


72 


0 


72 


60 


60 


120 


132 


120 










SiF</He = lOOppm 




SiF,/He = 1 9 




20 




























C0 2 /He = 


5000ppm 




COi/He = 


5% 





25 



Table 24 (C) 



30 
























Sample Na 


45 


46 


47 


48 


49 


50 


51 


52 


53 


35 


content of fluorine in the 




















first photoconductive 
layer( atomic ppm) 


0 


0 


10 


0.5 


10 


50 


95 


95 


100 




content of oxygen in the 




















40 


first photoconductive 
layer (atomic ppm) 


0 


600 


0 


600 


5000 


5000 


1 0000 


11000 


10000 


46 


extent of sperical growth 
defect 


A 


A 


A 


O 


® 


© 


O 


A 


A 



© : excellent 

O : good 

A : unacceptable 



50 



55 



53 
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Table 25 



o ° 

name of layer 


gas & 


its flow rate 
(seem) 


;RF power 
(W) 


inner 

o 


substrate 
lci 1 1 LJcr a l u re 


layer- 
thickness 






(Torr) 


(°C) 


m) 


first 


SiH< 


300 


300 


0.5 


250 


20 


pjioLoconauciive 


H, 


500 










layer 


CH, 














100 












SiF< 


70ppm 












(.against SiHJ 












B 2 H« 


5pprn 












(.against SiK.) 












co 2 


ISOOppm 












(against SiHj 










second 


SiFL 


300 


300 


0.4 


250 


3 


l/i tu LtrLonaiic ti v e 


H 2 


300 










layer 


SiF 4 














500ppm 












(.against SiH<) 












BA 


2ppm 












( against SiHL) 










surface layer 


SirL 


50 


150 


0.3 


250 


0.5 




CH« 


500 












SiF 4 


20 












(against SiHJ 











45 



50 



55 



Rw5?nnr.tn- ,pd 
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Table 26 (A) 



name of layer 


gas & its flow 
rate (seem) 


RF 
power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperatu 
CO 


layer 
thickness 
(urn) 


charge injection "inhibition 
layer 


SiK, 150 
CH 4 50 
E 2 ¥L 2000ppm 
(against SiHJ 


200 


0.3 

o 


250 - 


2 


first photoconductive layer 

- 


SirL 300 

H 2 1000 

CK. 100 

SiF 4 /He 

BzHs 7ppm 

(against SiR.) 

C0 2 /He 


700 


0.5 


250 


25 


second photoconductive 
layer 


SiF< 300 
H 2 500 
Bzlie Ippm 
( against SiHj 


500 


0.4 


250 


2 


surface layer 


SifL 50 
CtL 600 
SiF< 20 


200 


0.3 


250 


0.5 



Note : ^ is shown in Table 26 (B) 



Table 26 (B) 



Sample No. 


54 


55 


56 


57 


58 


59 


60 


61 


62 


flow rate of SiF^/He (seem) 


0 


0 


120 


6 


120 


6 


11.4 


11.4 


12 


flow rate of C0 2 /He (seem) 


0 


72 


0 


72 


60 


60 


120 


132 


120 




SiF 4 /He = lOOppm 


SiF«/He = 1 % 


CO z /He = 5000ppm 


COz/He - 5 % 



55 
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Table 26 (C) 



5 

o 


Sampie Nq 


54 


55 


56 


'5*7 


58 


59 


60 


61 


62 




content of fluorine in the 




















10 


first photoconductive 
layer( atomic pprn) 


0 


0 


10 


0.5 


10 


50 


95 


95 


100 




content of oxygen in the 




















15 


first photoconductive 
layer(ctomic ppm) 


0 


600 


0 


600 


5000 


5000 


10000 


11000 


10000 


20 


extent of sperical growth 
defect 


A 


A 


A 


O 


® 


® 


O 


A 


A 



© : excellent 
O : good 
A : unacceptable 



25 



30 



35 



40 



45 



50 



55 



56 
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Table 27 



name of layer 


gas & its flow rate! 
(seem) 

o 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
Ct) 


layer 
thickness 
(rU m) 


charge injection 
inhibition layer 


SiH< 200 
CH4 50 
H 2 500 
NO 10 
SiF 4 80ppm 
t against SiHj 
BzH« 2000ppm 
(against SiH,) 


300 


0.4 


300 


2 


first 

photoconductive 
layer 


SiKL 500 

H 2 1000 

CH4 100 

SiF 4 80ppm 

(against SiFL) 

BzH* 10-> lpprn 

( against SiHj 
(being decreased 
at a constant rate) 

C0 2 lOOOppm 

(.against SiH<) 


1000 


0.4 


300 


20 


second 

photoconductive 
layer 


SiH. 500 
H 2 500 
SiF< 80ppm 
( against SiHj 
B 2 H« lppm 
(against SiH*) 


500 


0.4 


300 


3 


surface layer 


SiH, 50 
CH4 600 
SiF< 10 


500 


0.3 


300 


0.5 



55 
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Table 28 



name of layer 


gas & its flow raid 
(seem) 


RF power 
(W) 


inner 
pressure 
(Torr) 


substrate 
temperature 
CO 


layer 
thickness 
(u m) 


charge injection 
inhibition layer 


SiH- 300 
C 2 H 2 50 
H 2 1000 
SiF « SOpprn 
(against SirQ 
B 2 He 3000pprn 
(against SiHJ 


7 DO 




OUU 


o 


first 

photoconductive 
layer 


SiH. 300 
H 2 1500 
C 2 H 2 50 
SiF< 50ppm 
( against SiR.) 
B 2 rL 6ppm 
(.against SiR,) 
CO, 1500ppm 
( against SiH,) 


700 


0.5 


300 


25 


second 

photoconductive 
layer 


SiH, 300 
H 2 300 
B 2 rL 2ppm 
(against SiH,) 


300 


0.4 


300 


5 


surface layer 


SiH, 50 
CH« 500 
CF, 15 


200 


0.4 


300 


0.5 



58 
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Table 29 



5 


name of layer 


gas & its flow rate 
(sCcm) 


RF power 
• (W) 


inner 
' pressure 
(Torr) 


substrate 
temperature 
CC) 


layer 
thickness 
(u m) 


10 
















charge injection 
inhibition layer 


SiPL 200 
CH< 50 


300 


0.4 


250 


3 


15 




H 2 500 
SiF< 70ppm 
(against SiHJ 










20 




PHU lOOOppm 
(against SiFL,) 










25 


first 

photoconductive 
layer 


SiH< 300 
K 2 1000 
CH, 50 


500 


0.4 


250 


20 


30 




SiF< SOppm 
( against SiK.) 
BJrU 0.8ppm 










35 




Caigainst SiHJ 










40 


second 

JJJ lO LUL,<JI 1U. LLC Live 

layer 


SiVL 300 
H: 300 
SiF 4 30ppm 
(against SiHJ 


300 


0.4 


250 


2 




surface layer 


S1H4 50 


200 


0.3 


250 


0.5 


45 




C¥U 300 
SiF« 80 











50 



55 



59 



RN.snor.in <pp rMsaa.SBAi i > 
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Table 30 



5 


name of layer 

o 


gas & its flow rate 
o (seem) 


w 

power 
(W) 


bias 
voltage 
(V) 


inner 
pressure 
(mTorr) 


substrate 
temperature. 

co" 0 ' 


layer 
thickness 
iu m) 




first 


SiH. 300 


1200 


50 


10 


300 


25 




photoconductive 


CM, 1 00 












10 


layer 


H r 1500 
He 1000 

oir 4 / uppm 
(against SiH 4 ) 












15 
20 




B 2 H« 5ppm 
fapain^t SiH^ 

(against Siti.) 














second 


SiH4 300 


1200 




7 


oUU 


cr 
O 




photoconductive 
layer 


He 2000 
SiF< SOppm 












25 




(against SiH.) 
BzH« 3ppm 
(against SiK.) 












30 


surface layer 


SiH< 70 


1000 


70 


5 


300 


0.5 




CH< 500 
SiF. 50 
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40 



45 



50 



55 
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Table 31 



5 


ildilLC Ul Id) CI 


gas & its flow 
rate (seem) 


M W 

JJU VV tJ I 


bias 

i t si era 


inner 


substrate 

tAmnprntnrp t 

LCllliJCl CLL 111 C I 


layer 






(W) 


o 


(mTorr) 


CO) 


(Mm) 


10 




SiH< . 500 


1000 


60 


10 


350 


3 


inhibition layer 


CH< 100 
H z 1000 
He 1000 












15 




SiF< 50ppm 
(against SiH,) 












20 




BzHe 500ppm 
(against SitO 














first 


SiH, 300 


1000 


50 


10 


350 


25 


25 


photoconductive 
layer 


CrL 30 
H 2 1500 
He 2000 












30 




SiF< 50ppm 
(against SirL) 












JO 




BzH* 5ppm 
(against SirL,) 
CO z 1200ppm 












40 




(against SiH<) 














second 


SiH< 300 


1000 


50 


10 


350 


5 




photoconductive 


H 2 500 












45 


layer 


SiF< 50ppm 
(against SiH.) 












50 


surface layer 


SiH, 100 
CH< 500 
SiF« 30 


1000 


80 


7 


350 


0.5 



55 



61 
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Table 32 



"name of, layer 


gas & its flow 

D 

rate (seem) 


n w 
power 
(W) 


bias 
voltage 
(V) 


inner 
pressure 
(mTorr) 


substrate 
temperature 
CO 


layer 
thickness" 
(u m) 


charge injection 
inhibition layer 


SiH, 400 
CH, 100 
H* 1500 
He 

SiF, 80ppm 
(against SiH,) 
BJH* lOOOppm 
(against SiH,) 


1000 


50 


10 


350 


3 


first 

photoconductive 
layer 


SiH, 300 
CH, 50 
H 2 2000 
He 1000 
SiF, 80ppm 
(against SiH.) 
BjH. lOppm 
(against SiH.) 
COz lOOOppm 
(against SiH.) 


1000 


50 


7 


350 


25 


second 

photoconductive 
layer 


SiH, 300 
SiF< 80ppm 
(against SiH,) 
BsH* lppm 
(against SiH,) 


1000 


50 


10 


350 


3 


surface layer 


SiH, 50 
CH, 300 
SiF« 50 


1000 


100 


5 


350 


0.5 
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Table 33 



name of layer 


gas & its flow 
rate (seem) 

a 


H W 
power \ 
.(W) 


bias 
voltage 
(V) 


inner 
pressure 
(rnTorr) 


substrate 
temperature k. 
CC) 


layer 
hicknesd 


charge injectiorJ 
inhibition layer V 


51H4 400 
CHu 100 
H 2 1500 
He 

SiF« 80pprn 
(against SiH 4 ) 
B 2 H* lOOOppm 
(against SiH») 


1000 


50 


10 1 


350 1 


3 


first 

pho tocond uct i vd 
layer 


SirL, 300 
CH« 50 
H 2 2000 
He 1000 
SiF< 80ppm 
j (against SiRi) 
BJHU lOppm 
(against SiH,) 
CO z 800ppm 
(against SiH-,) 


1000 


50 


7 


350 1 


25 j 


second 

photoconductiv 
layer 


JsiK, 300 
J He 2000 
BzHc Ippm 
(against SiH,) 


1000 

I 


50 


10 


| 350 




surface layer 


1 SiH, 5C 
CrL 3CK 
SiF< 5( 
He 200( 


) 1000 

) 

3 
D 


100 


5 


I 350 


0.5 
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Table 34 



name of layer 


gas & its flow rate 
(seem) 

o 


u W 
power 
(W) 


bias 
voltage 
(V) 


inner 
pressure 
(itiToit) 


substrate 
temperature 
CO 


layer 
thickness 
iu- m)" 0 


charge injection 
inhibition layer 


SiH« 400 
CH, 100 
H 2 1500 
He 

SiF< 80ppm 
(against SiH<) 
B 2 H 6 lOOOpprn 
(against SiH 4 ) 
CO z 900ppm 
(against SiH*) 


1000 


50 


10 


350 


3 


first 

photoconductive 
layer 


SiH, 300 
CrL 50 
H 2 2000 
He - 1000 
SiF 4 80ppm 
(against SiH«) 
Brli* lOppm 
(against SiHj 
CO* 800ppm 
(against SiHJ 


1000 


50 


7 


350 


25 


second 

photoconductive 
layer 


SiH, 300 
He 2000 
SiF 4 lOppm 
(against SiH«) 
BJHU 2ppm 
(against SLH.) 
CO. lOOppm 
(against SiKd 


1000 


50 


10 


350 


3 


surface layer 


SiPL 50 
CH, 300 
S1F4 50 
He 2000 
CO, 500ppm 
(against SiHj 


1000 


100 


5 


350 


0.5 
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Table 35 







5as & its flow rate 
(sccrn) 


u W 


bias 


inner 


substrate 


layer 




name or layer 


power 


voltage 


pressure 


temperature 


thickness 


5 




(W) 


(V) 


(mTorr) 


CO 


(v m) 




charge, injection 

o 


SiH< 400 


1000 


50 


10 


350 


3 




inhibition layer 


CrL 100 
H 2 1500 








0 




lU 




He 

SiF 4 80pprn 
(against SiPL,) 












15 




B 2 ¥U lOOOppm 
(against SiYQ 
NO 500ppm 
(against SiHJ 












20 


first 

photoconductive 
layer 


SiH, 300 
CPL 50 
H* 2000 
He 1000 


1000 


50 


7 


350 


25 


25 




SiF< 80ppm 
(against SiHU) 
BJEt lOppm 
















(against SiHJ 












30 




\^KJ2 ouuppm 
(against SiH*) 
NO 500ppm 












35 




vagainsL oirw 














second 


SiH, 300 


1000 


50 


10 


350 


5 




photoconductive 


He 2000 












40 


layer 


SiF, lOppm 














(against SiHj 
BJrL 2ppm 
(against SiH,) 












ah 
AO 




NO lOOppm 
(against SiH,) 














surface layer 


SiH, 50 
CH, 300 


1000 


100 


5 


350 


0.5 


50 




SiF. 50 
He 2000 
NO 500ppm 
(against SiHJ 













55 
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Table 36 (to be continued) 



name of layer 


gas & its flow rati 
(seem) 


v W 
power 
(W) 


bias 
voltage 
(VJ 


inner 
pressure 
(mTorr) 


substrate 
temperature 
CO 


layer 
thickness 
(ru m) 


charge injection 
inhibition layer 


SiH, 400 
1 CH« 100 
H 2 1500 
He 

SiF< 80ppm 
(against SiH,) 
B 2 He lOOOpprr 
(against SiH,) 
NO 500ppm 
(against SiR,) 


1000 

1 


50 


10 


350 


2.5 


transition layer 
region 


CH< 100— 50 
H 2 2000 
He 1000 
SiF« 80ppm 
(against SiH,) 
B2H6 

1000— lOppm 
(against SiH,) 
COz 0-*800ppm 
(against SiH,) 
NO SOOppm 
(against SiH^ 


IUUU 


50 


10 — 7 


350 


. 3 


iirst 

pho tocond ucti ve 
layer 


CrL 50 
H 2 2000 
He 1000 
SiF./He 80ppm 
(against SiHJ 
BzHs lOppm 
(against SiHJ 
C0 2 800ppm 
(against SiH*) 
NO 500ppm 
(against SiH,) 


IUUU 




7 


350 


21 


transition layer 
region 


SiH, 300 
CH< 50—0 
H 2 2000— 0 
He 1000 — 2000 
01F4 80— lOppm 
(against SiH,) 
BJie 10— 2ppm 
(against SiH,) 
CO, 800 — Oppm 
(against SiH.) 
NO 

500— lOOppm 
(against SiH.) 


1000 


50 


7—10 


350 


3 



55 
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Table 36 (continued) 





name of layer * 


jas & its flow rate 
(seem) 


u w 

power 


bias 
voltage 


inner 
pressure 


substrate 
temperature 


layer 
thickness 


5 




CW) 


(V) 


(mTorr) 


CO 


in m) 




second. 


Sia 300 


1000 


50 


10 


350 


6 




photoconriuctive 


He 2000 








0 






layer 


SiF</He lOppm 












10 




(against SirL) 
BzHe 2ppm 
(against SiHJ 
NO lOOppm 












15 


















transition layer 


SiH, 300 -* 50 


1000 


50 -» 
100 


10 


350 


0.1 




region 


CfL 0-^300 
He 2000 










20 




SiF,/He 

50-*0ppm 
(against SiH<) 












25 




SiF< 0->50ppm 
BJH* 2— *0ppm 

(against SiH,) 
NO 












30 




100-*500ppm 
(against SiHJ 














surface layer 


SiH* 50 
CH, 300 


1000 


100 


5 


350 


0.5 


35 
40 




S1F4 50 
He 2000 
NO 500ppm 
(against SiH,) 













Claims 

45 



1. A light receiving member having a light receiving layer comprising a photoconductive layer and a surface 
layer disposed on a conductive substrate, wherein said photoconductive layer comprises, from the side of 
said substrate, a first photoconductive layer constituted by an amorphous material containing silicon atoms 
as a matrix, carbon atoms, hydrogen atoms and fluorine atoms and a second photoconductive layer con- 

50 stituted by an amorphous material containing silicon atoms as a matrix, and at least one kind of atoms selec- 

ted from hydrogen atoms and fluorine atoms, the content of said fluorine atoms in said first photoconductive 
layer being in the range of from 1 to 95 atomic ppm based on the content of said silicon atoms. 

2. A light receiving member as defined in claim 1, wherein the photoconductive layer contains an element 
55 belonging to the group III or the group V of the periodic table in at least a portion thereof. 

3 A light receiving member as defined in claim 2, wherein the photoconductive layer has a portion containing 
the element belonging to the group III or group V in a state of being distributed unevenly in the thickness 
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direction. 



A light receiving member as defined in claim 1, wherein the surface layer further contains at least one of 
atoms selected from the group consisting of carbon atoms, nitrogen atoms and oxygen atoms and at least 
one kind of atoms selected from hydrogen atoms and halogen atoms. 

° o O o 

A light receiving member as defined in claim 1 , wherein the surface layer comprises a layer containing sili- 
con atoms as a matrix, nitrogen atoms, oxygen atoms and at least one kind of atoms selected from hydrogen 
atoms and halogen atoms. 

A light receiving member as defined in claim 1 , wherein the surface layer comprises a layer containing sili- 
con atoms as a matrix, carbon atoms, nitrogen atoms, oxygen atoms and at least one kind of atoms selected 
from hydrogen atoms and halogen atoms. 

A light receiving member as defined in claim 1 , wherein the surface layer comprises a layer containing sili- 
con atoms as a matrix, carbon atoms, hydrogen atoms and fluorine atoms. 

A light receiving member as defined in claim 1, wherein both of the first and the second photoconductive 
layers contain an element belonging to the group III of the periodic table. 

9. A light receiving member as defined in claim 1. wherein a charge injection inhibition layer constituted by 
an amorphous material containing silicon atoms as a matrix, at least one of kind of atoms selected from 
he group consisting of carbon atoms, nitrogen atoms and oxygen atoms, at least one kind of atoms selec- 
ted from hydrogen atoms and halogen atoms, and an element belonging to the group III or the group V of 
25 the periodic table is disposed between the conductive substrate and the first photoconductive layer. 

A light receiving member as defined in claim 9. wherein the charge injection inhibition layer comprises a 
layer containing s.licon atoms as a matrix, carbon atoms, an element belonging to the group III of the 
periodic table and hydrogen atoms. 



10 



15 



20 



30 



35 



10. 



11 



A light receiving member as defined in claim 9. wherein the charge injection inhibition layer comprises a 
layer conta.n.ng silicon atoms as a matrix, carbon atoms, nitrogen atoms, oxygen atoms and fluorine atoms. 

12. A light receiving member as defined in claim 11. wherein the layer to be the charge injection inhibition layer 
further contains an element belonging to the group III of the periodic table. 

13. A light receiving member as defined in claim 11, wherein the layer to be the charge injection inhibition layer 
further contains an element belonging to the group V of the periodic table. 

40 14. A light receiving member as defined in claim 1, wherein the content of the fluorine atoms in the first photo- 
conductive layer is in the range of from 5 to 80 atomic ppm based on the content of the silicon atoms. 

15. A light receiving member as defined in claim 1 . wherein the content of the fluorine atoms in the first photo- 
conducbve layer s in the range of from 10 to 70 atomic ppm based on the content of the silicon atoms. 

45 

16. A light receiving member as defined in claim 1. wherein the first photoconductive layer comprises a film 
formed by a microwave glow discharging process. 

17. A light receiving member as defined in claim 1. wherein the first photoconductive layer comprises a film 
so formed by a RF glow discharging process. 

A light receiving member having a light receiving layer comprising a photoconductive layer and a surface 
layer disposed on a conductive substrate, wherein said photoconductive layer comprises, from the side of 
said substrate, a first photoconductive layer constituted by an amorphous material containing silicon atoms 
as a matrix, carbon atoms, hydrogen atoms, fluorine atoms and oxygen atoms and a second photocon- 
ductive layer constituted by an amorphous material containing silicon atoms as a matrix, and at least one 
k.nd of atoms selected from hydrogen atoms and fluorine atoms, the content of said fluorine atoms in said 
first photoconductive layer being in the range of from 1 to 95 atomic ppm based on the content of said silicon 



18. 



68 



BNsnnr.m <fp 



EP 0 454 456 A1 

atoms, and the content of said oxygen atoms in said first photoconductive layer being in the range of from 
600 to 10,000 ppm based on the content of said silicon atoms. 

19. A light receiving member as defined in claim 18, wherein the photoconductive layer contains an element 
5 belonging to the group ill or the group V of the periodic table in at least a portion thereof. 

20. A light receiving member as defined in claim 19, wherein the photoconductive layer has a portion containing 
the element belonging to the group III or group V in a°state of being distributed unevenly in the thickness 
direction. 

10 

21. A light receiving member as defined in claim 18, wherein the surface layer comprises a layer containing 
silicon atoms as a matrix, at least one kind of atoms selected from the group consisting of carbon atoms, 
nitrogen atoms and oxygen atoms, hydrogen atoms and halogen atoms, in which the content of said halo- 
gen atoms is less than 20 atomic %, and the sum of the contents for said hydrogen atoms and said halogen 

15 . atom is from 30 to 70 atomic %. 

22. A light receiving member as defined in claim 18, wherein a charge injection inhibition layer constituted by 
an amorphous material containing silicon atoms as a matrix, at least one kind of atoms selected from the 
group consisting of carbon atoms, nitrogen atoms and oxygen atoms, at least one kind of atoms selected 

20 from hydrogen atoms and halogen atoms, and an element belonging to the group HI or the group V of the 

periodic table is disposed between the conductive substrate and the first photoconductive layer. 

23. A light receiving member as defined in claim 18, wherein the content of the fluorine atoms in the first photo- 
conductive layer is from 5 to 80 atomic ppm based on the content of the silicon atoms. 

25 

24. A light receiving member as defined in claim 1 8, wherein the content of the fluorine atoms in the first photo- 
conductive layer is from 10 to 70 atomic ppm based on the content of the silicon atoms. 

25. A light receiving member as defined in claim 18, wherein the first photoconductive layer comprises a film 
30 formed by a microwave glow discharging process. 

26. A light receiving member as defined in claim 18, wherein the first photoconductive layer comprises a film 
formed by a RF glow discharging process. 

35 27. A light receiving member as defined in claim 18, wherein the content of the oxygen atoms in the first photo- 
conductive layer is from 600 to 5000 atomic ppm based on the content of the silicon atoms. 

28. A light receiving member comprising: 

a conductive substrate, 

40 a charge injection inhibition layer disposed on said conductive substrate, said charge injection inhibi- 

tion layer containing silicon atoms as a matrix, and conductivity controlling element, 

a first photoconductive layer disposed on said charge injection inhibition layer, said first photocon- 
ductive layer being constituted by an amorphous material containing silicon atoms as a matrix, carbon 
atoms, hydrogen atoms, fluorine atoms and oxygen atoms, wherein the content of said fluorine atoms is 

45 from 1 to 95 atomic ppm based on the content of said silicon atoms, and the content of said oxygen atoms 

is from 600 to 10,000 atomic ppm based on the content of said silicon atoms, 

a second photoconductive layer disposed on said first photoconductive layer, said second photo- 
conductive layer being constituted by an amorphous material containing silicon atoms as a matrix, and at 
least one kind of atoms selected from hydrogen atoms and fluorine atoms, and 

50 a surface layer disposed on said second photoconductive layer, said surface layer being constituted 

by an amorphous material containing silicon atoms as a matrix, at least one kind of atoms selected from 
the group consisting of carbon atoms, nitrogen atoms and oxygen atoms, hydrogen atoms and halogen 
atoms, wherein the content of said halogen atoms is less than 20 atomic %, and the sum for the contents 
of said hydrogen atoms and said halogen atoms is from 30 to 70 atomic %. 

55 

29. A light receiving member as defined in claim 28, wherein the content of the fluorine atoms in the first photo- 
conductive layer is from 5 to 80 atomic ppm based on the content of the silicon atoms. 
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30. A light receiving member as defined in claim 28, wherein the content of the fluorine atoms in the first photo- 
conductive layer is from 10 to 70 atomic ppm based on the content of the silicon atoms. 

31. A light receiving member as defined in claim 28, wherein the first photoconductive layer comprises a film 
5 formed by a microwave glow discharging process. 

32. A light receiving member as defined in claim 28, wherein the first photoconductive layer comprises a film 
formed by a RF glow discharging process. 

10 33. A light receiving member as defined in claim 28, wherein the content of the'oxygen atoms in the first photo- 
conductive layer is from 600 to 5000 atomic ppm based on the content of the silicon atoms. 
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FIG. 1(a) 
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FIG. 4(a) 
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FIG. 4 (b) 
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